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In the midsouthern United States, forages exist as the major nutrient source for 
grazing beef cattle. A large forage base allows this region to produce and market many 
feeder calves to backgrounding and feedlot operations. The utilization of forage resources 
stands as a high priority to cattle producers. Supplementation of highly digestible fiber 
feedstuffs can be used to enhance animal performance, to take advantage of forage 
resources, and to extend forages by increasing stocking rates or increasing hay 
production. The development of forage based beef cattle finishing systems may be 
supported by high-fiber energy supplementation strategies. The availability of feeder 
cattle and an abundance of forage resources in the midsouth increase the feasibility for 
producers to develop an interest in forage fed beef, niche market opportunities. The 
objectives of the experiments conducted were: 1) to evaluate two forage based grazing 
systems designed to produce cattle finished to a traditional endpoint; 2) to determine the 
effects of soybean hull supplementation on forage intake and site and extent of nutrient 
digestion. Experiment one was replicated over two yr and consisted of 42 crossbred beef 
calves (305.3 ± 12.8 kg) of moderate frame size used to compare two forage-based beef 
cattle finishing systems.  The calves were weaned each yr approximately twenty d prior 
to stratification by gender and weight, and allotment to each system. The cattle received 
no growth promoting implants or feed additives during the experiment. The two systems 
were: 1) cattle grazed on cool season perennial grass pastures and wintered on annual 
grass pastures (CSP+A) and 2) cattle grazed on cool season perennial grass pastures and 
wintered on stockpiled cool season perennial grass pastures with daily supplementation 
of pelleted soybean hulls at 1.0% BW on a dry matter basis (CSP+SH). There were three 
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and four replications for CSP+A and CSP+SH, respectively. Each replication consisted of 
three steers and three heifers. Supplemented cattle were fed in bunks and all animals had 
free choice trace mineralized salt, access to fresh water, and sun shelter. The 
experimental grazing yr consisted of three grazing periods: fall, winter, and spring. Both 
systems were stocked at a rate of 4.9 calves/ha for each season with the exception of a 
winter stocking rate of 2.5 calves/ha for CSP+SH. The fall period consisted of both 
systems grazing cool season perennial grass paddocks. CSP+A cattle were then rotated to 
annual grass pastures while CSP+SH cattle were moved to stockpiled cool season 
perennial grass paddocks for the winter period. Hay harvested from CSP+SH 
experimental paddocks was fed to both systems when adequate winter forage was not 
available. Rotation back to the original fall paddocks occurred at the beginning of the 
spring period. The spring period lasted until the cattle were harvested. The mean of two 
consecutive d weights was recorded for the initiation of the experiment, each grazing 
period, and the end of the experiment. Corresponding to these weigh periods, ribeye area 
(REA) and back fat (BF) estimations were determined using real-time ultrasound. 
Twenty-eight d interval weights were recorded on cattle not withheld from forage or 
water, yet before daily supplementation to determine average daily gains (ADG) and to 
adjust soybean hull supplementation. Clipped forage samples were taken corresponding 
to every weigh period from five random locations (0.25 m2 x 2.54 cm) in each presently 
grazed paddock. Samples were used to determine forage quantity and quality. Masticated 
rumen samples were taken at the beginning of each grazing period from six fistulated 
steers equipped with rumen cannulas to determine diet quality selection. After 306 and 
284 d (yr one and two, respectively) cattle were harvested and carcass data collected. The 
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CSP+SH cattle gained 0.58 kg/d more (P < 0.01) than CSP+A cattle (0.40 and 0.98 kg/d, 
respectively), which resulted in 171 kg more total gain during the experiment. The 
CSP+SH cattle were heavier (P < 0.01) than CSP+A cattle at harvest (595.3 and 427.6 
kg, respectively). CSP+SH cattle received an average of 1,139 kg/calf (DM basis) of 
soybean hulls throughout the experiment. Final carcass measurements indicated that 
CSP+SH cattle had a larger (P < 0.01) REA and thicker (P < 0.01) BF than CSP+A cattle 
(75.7 and 61.9 cm2; 1.00 and 0.25 cm, respectively). CSP+A cattle averaged a 1.4 yield 
grade (YG) and average Standard quality grade (QG), while CSP+SH cattle had a higher 
(P < 0.01) YG (2.8) and QG (low Choice). The CSP+SH system resulted in greater 
weight gains with higher quality carcasses than CSP+A. In the second experiment, six 
steers (289 ± 2 kg BW) fitted with ruminal and duodenal cannulas were used in a 
crossover design to evaluate intake and site and extent of nutrient digestion of fresh 
clipped endophyte infected tall fescue (Festuca arundinacea) pasture with or without 
soybean hull supplementation at 0.70% BW (DM basis). Steers were placed in 
metabolism units within an environmentally controlled room and provided with free 
choice access to fresh forage, water and a vitamin/mineral block. The spring growth of 
tall fescue was harvested daily for feeding during the experiment. Supplement was fed at 
0700 just prior to feeding approximately 65% of the estimated daily forage. Additional 
forage was stored in a cooler and fed at 1900 to maintain a fresh forage supply. 
Experimental periods were 21 d with 15 d of adaptation and six d of sample collection. 
Chromic oxide (9 g) was dosed twice daily starting on d nine for use as a digesta flow 
marker. Duodenal samples were taken four times daily with times shifting one h each d to 
represent all h of a 24-h period. Soybean hull supplementation decreased (P < 0.05) 
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forage intake from 1.79 to 1.56% BW, but increased (P < 0.01) total DMI from 1.79 to 
2.21% BW. Apparent ruminal DM digestibility, 47.5%, was not affected (P > 0.35) by 
supplementation. Crude protein intake was 107 g/d greater (P < 0.04) with 
supplementation and duodenal CP flow for the supplemented treatment (782 g/d) was 
greater (P < 0.01) than the control treatment (569 g/d). Duodenal microbial CP flow was 
increased (P < 0.01) by 108 g/d with supplementation. Ruminal pH was not affected (6.5; 
P > 0.17) and ruminal ammonia nitrogen concentration was decreased (P < 0.03) from 
3.7 to 2.3 mM with soybean hull supplementation. Total VFA concentrations (103.9 mM) 
were unaffected (P < 0.15). Rumen fluid dilution rate and fluid flow rate were not 
different between treatments (P > 0.60). Supplementation of soybean hulls at a rate of 
0.70% BW to cattle consuming fresh tall fescue decreased forage consumption. 
Supplementation did not change the percentage of ruminal dry matter disappearance, but 
increased quantities of total tract nutrient disappearance. Also, the rumen conditions were 
maintained to support cellulolytic microbes and more N was converted to microbial crude 
protein with supplementation. The supplementation of soybean hulls in grazed forage 
diets improves overall diet digestibility, extends forage resources, improves animal 
performance, and provides an opportunity to produce a quality forage fed beef product.  
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 In the state of Tennessee, approximately five million acres of pasture are available 
to graze livestock. This abundance of forage allows the state to be one of the top cow-calf 
producers in the country. Tennessee’s cattle industry represents the states highest source 
of agricultural income. The high capacity for beef cattle production is dependent upon 
managing and utilizing forage nutrients to maintain a successful cattle industry. 
 Fresh forages have the nutrient potential to support growth of cattle, but the 
quantity of growth, in part, depends on the goals of producers. Most cow-calf producers 
in this state produce feeder calves to be sold to backgrounding or feedlot operation in 
others states. If a producer has the land available to maintain a larger herd, then he/she 
may have the potential to retain ownership of the calves by implementing a forage-based 
beef finishing operation. The concept of forage fed beef has mot been preferred by many 
consumers, but with the increase in health awareness and environmental concerns 
associated with concentrated animal production facilities, forage finishing operations 
have the potential to address both concerns. Beef from cattle fed only forages has been 
found to promote cardiovascular health through its fatty acid profiles and may fit into 
niche markets with this concept in mind. Also, many of the nutrient pollution problems 
from large confinement operations can be alleviated in pasture scenarios because the 
animals spread the nutrient waste back into the soil to be reincorporated into soil and 
plant nutrients. The major problem with forage finished beef lies in consumers preferring 
the quality of traditional grain-fed beef. In order to improve the quality characteristics of 
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forage fed beef, a source a supplemental energy should be considered to enhance animal 
performance. 
 Supplemental energy feedstuffs have been shown to increase animal performance 
while consuming forages. Corn was the typical energy concentrate for supplementation, 
but recent studies have been aimed at utilizing byproduct feedstuffs that are high in 
digestible fiber and energy. Their use has increased due to: 1) byproducts have become 
more widely available, 2) starch-based energy supplemented at high levels can reduce 
forage utilization, and 3) byproducts have been shown to alleviate negative effects on 
forage utilization imposed by starch supplements. 
 Byproduct feedstuffs, such as soybean hulls, have a high fiber content, which 
better compliments the fiber in forages. Animal performance on forages is highly 
dependent on the ability of the rumen microorganisms to digest forage nutrients. The 
addition of soybean hulls to a forage diet has been shown not to cause extreme changes in 
rumen conditions that would alter forage digestion. Also, supplementation of soybean 
hulls has the potential to help capture nitrogen that has been shown to be highly soluble 
with fresh forages. Soybean hulls provides additional energy to rumen microbes to allow 
them to incorporate this soluble nitrogen into microbial biomass, which in turn provides 
the cattle with a readily available source of post-gastric amino acids and peptides for 
digestion. The following experiments focus on these potential benefits of supplementing 
soybean hulls to fresh forage diets in order to determine the ability to achieve quality 





Cattle and forage production in Tennessee 
Forage production and forage-based beef cattle operations have maintained a 
critical economic stronghold in Tennessee’s annual agricultural income. According to 
USDA, cash receipts for 2001 yielded nearly $40 million and $409 million for hay and 
cattle sales, respectively (Kenerson and Moore, 2002). This results in cattle sales 
comprising 19.0% of total agricultural cash receipts for the state, thus standing as 
Tennessee’s number one agricultural commodity. Tennessee ranks ninth in the nation for 
number of beef cows and fourteenth in total cattle. The state maintains nearly 2.1 million 
cattle with 1.13 million existing as beef cows. Ninety percent of the beef cattle herd is 
involved in cow-calf operations, which the primary goal is to produce feeder calves. Each 
yr nearly 750,000 of these feeder calves are marketed to backgrounding or finishing 
operations in other states (Neel, 2002). The nutritional foundation of Tennessee’s vast 
cattle industry is based on the five million acres of pasture available for grazing. This 
pasture resource comprises 40% of the state’s total agricultural land. The subtropical 
humid climate and topography of the state allows for a long growing season and 
favorable conditions to support forage growth and prolonged cattle grazing. Tennessee’s 
abundant forage resources and strong cattle industry stresses the need to properly manage 
and utilize forage grazing systems to their potential. 
 Forage based beef cattle operations and forage finishing systems have been 
historically evaluated for improvement in efficiency by researchers and producers for 
many yr. In order to help bring Tennessee producers closer to the consumer end of the 
beef market, many studies have been conducted in attempt to produce a quality beef 
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product from forage based finishing systems. Some of the early forage finishing work 
conducted by the University of Tennessee dates back to 1930 through 1950 and was 
summarized by Duncan (1958b). These experiments reported cattle gaining up to nearly 
1.02 kg/d on mixed grass/legume pastures. Also, Duncan (1958a) conducted yr-round 
forage finishing experiments based on forage systems involving mixed bluegrass pasture 
systems and mixed bluegrass supplemented with alfalfa pasture. High et al. (1962) 
reported gains of 0.49 and 0.51 kg/d on steers finished on perennial and perennial + 
annual pastures, respectively. Forage finishing has been reviewed by other researchers in 
attempt to determine a forage based system that will be cost efficient and yield quality 
beef products for producers (Carpenter et al., 1968; High et al., 1965; Hobbs et al., 1965; 
Triplett, 1975). Forage finishing is not a new concept, but has continuously faced the 
problem of consumers preferring traditional grain fed beef to forage fed beef. Forage fed 
cattle have traditionally been discriminated against by buyers at all levels because of 
lower dressing percentages, higher cooler shrinkage, darker lean color, lower US quality 
grade, shorter retail case life and a less acceptable tenderness and flavor than grain-
finished beef (Davis et al., 1981). Concentrate fed cattle have been found to produce a 
meat product that is more tender and has a more desirable flavor than that yielded from 
forage-fed cattle (Larick et al., 1987; Medeiros et al., 1987). The above problems with 
forage fed beef and the abundance of cattle and forage resources warrants the opportunity 
to further investigate the potential of producing a quality forage finished beef product by 
finding means to better utilize forage nutrients, possibly with a high-fiber energy 
supplement. 
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Forage nutrient metabolism and forage quality 
Forage resources available for cattle to graze in Tennessee consist of grasses and 
legumes. The grasses of interest are generally perennial or annual species. These grasses 
can be further classified as cool or warm season. Both of which play crucial roles in the 
management of the forage resources in any grazing system. Cool or warm season grasses 
have primarily different, but slight overlapping growing seasons, and they may vary in 
nutrient content and availability for grazing ruminants. 
Nelson (1995) describes the nutrient and growth differences of cool and warm 
season grasses based on the metabolism of carbon dioxide (CO2) during photosynthesis. 
According to Waller and Lewis (1979), differences in leaf anatomy determine the two 
major biochemical pathways that grasses reduce CO2 during photosynthesis. Cool season 
grasses (e.g. timothy, Phleum pratense L.; tall fescue, Festuca arundinacea Schreb.; 
orchardgrass, Dactylis glomerata L.) use the enzyme ribulose bisphosphate carboxylase 
(Rubisco) to directly fix CO2 in carbon pathways found in chloroplasts of mesophyll 
cells. The action of Rubisco allows CO2 to react with ribulose bisphosphate (5-C sugar) 
to form two molecules of 3-phosphoglyceric acid (3-PGA, a 3 C acid). The production of 
3-PGA terms cool season forage as C3 grasses. The 3-PGA then moves out of the 
chloroplast and is metabolized into sucrose to meet the energy needs of the plant. A loss 
of energy in C3 plants, known as photorespiration, occurs when O2 instead of CO2 binds 
at the Rubisco site, thus yielding a phosphoglycolate (2-C acid) and one 3-PGA. This 
results in no production of sugars for energy metabolism. The rate of photorespiration 
increases in C3 plants as the temperature increases, thus reducing their metabolic 
efficiency in warmer weather. 
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In warm season grasses (e.g. dallisgrass, Paspalum dilatatum Poir.; bermudagrass, 
Cynodon dactylon L.; sudangrass, Sorghum bicolor L.)  CO2 entering carbon pathways is 
first fixed into oxaloacatate (a 4 C acid) by adding the CO2 to phosphoenolpyruvate 
(PEP, 3-C acid) by the enzyme phosphoenolpyruvate carboxylase (PEPc) in the 
mesophyll cells. This terms warm season grasses as C4 grasses. The C4 acids are 
translocated to the bundle sheath from the mesophyll cells. At this location CO2 is 
removed from PEP and Rubisco then refixes it into 3-PGA and then into sugars for 
energy metabolism. The PEP is recycled back to capture another CO2; this keeps the CO2 
concentration high at the Rubisco site, 10 times the CO2 concentration than that of C3 
grasses. The high amount of CO2 out competes the binding of O2, which reduces the 
photorespiration rate of C4 species to near zero. The above processes result in C4 plants 
having better metabolic efficiencies at warmer temperatures. 
The metabolic effects in addition to the anatomical features of the plant play 
major roles in the quality of cool and warm season grasses. Rumen degradation is 
generally faster in C3 plants than in C4 plants. The C4 plants have a higher proportion of 
vascular bundle tissue and lower amounts of mesophyll tissues resulting in efficient CO2 
use, but lower quality. Mesophyll cells have thin cell walls and digest quickly and 
thoroughly in the rumen. The vascular bundles degrade much slower. C3 grasses (cool 
season) generally have a high protein content. To explain, approximately 50% of soluble 
protein exists as Rubisco in the leaves of C3 grasses. The Rubisco is contained in the 
mesophyll cell of which are rapidly degraded in the rumen. This highly soluble protein is 
inefficiently used by rumen microbes or the animal and is generally lost to the 
environment via the feces and/or urine. The potential for energy to be limiting in the 
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ruminant diet at this point is quite likely. The C4 grasses have a lower protein content due 
to lower amounts of Rubisco needed in CO2 metabolism and because the Rubisco that is 
present is located in the bundle sheaths.  The lower rumen digestion rate of bundle sheath 
tissue allows for C4 protein to escape rumen degradation, which allows the protein to be 
used by the animal post-ruminally. To summarize, cool season grasses have higher 
protein concentrations, but may be inefficiently utilized by ruminants and warm season 
grasses have lower rumen degradability, but rumen by-pass concentrations.  
Energy supplementation in forage diets 
The primary goal of most producers in this region of the U.S. revolves around 
grazing and harvesting forage resources for cattle consumption. That goal exists as 
increasing utilization of forage nutrients to successfully produce cattle with minimal 
input. Cattle, by nature, are grazers and have evolved anatomically and physiologically to 
utilize forage and other fibrous plant material using symbiotic microbial processes that 
convert fibrous nutrients into body tissue and to meet their metabolic needs. Forages 
often do not provide sufficient nutrient concentrations to meet higher performance 
demands of producers. Therefore, supplementation of nutrients to forage diets is crucial 
to achieve desired gains, milk production, reproductive efficiency, or conserve forage 
resources. Kunkle et al. (1999) summarizes the reasons for supplementing forage diets 
are to correct nutrient deficiencies, conserve forage, improve forage utilization, improve 
animal performance, increase economic return, and (or) manage cattle behavior. 
Tennessee pastures are often lush and, as described by Lopez et al. (1991), lush 
forages are high in crude protein that is rapidly degraded in the rumen. This concept is 
also supported by the description of plant metabolism above (Nelson, 1995) that results in 
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inefficiencies of protein use in cool season forages. According to Teeri and Stowe (1976), 
Tennessee has 37% of its naturally occurring forage as warm season grasses (C4). This 
results in Tennessee forage being comprised of nearly 63% cool season forages, which 
equals 3.35 million acres of forage with the potential to have improved protein utilization 
by beef cattle. Tall fescue represents a majority of the cool season forage base in 
Tennessee (Bates, 1997). Fresh tall fescue has 15% CP with only 2% rumen 
undegradability (NRC, 1996), a concentration high enough to generally exceed cattle 
requirements. For example, a 325 kg beef calf expected to gain 1.0 kg/d requires 298 g/d 
of metabolizable protein (445 g/d CP). If the calf consumes 2.0% of its BW in fresh 
fescue, then it is consuming 975 g of forage CP. The calf is consuming 530 g/d more than 
it needs, therefore; fresh forages do exceed protein requirements. Higher rates of gain 
may be achievable with additional energy. As discussed by Kunkle et al. (1999), energy 
supplements balanced with other nutrients usually increase the performance of cattle fed 
forages. The use of energy supplements to forage diets may help to improve the capturing 
of ruminally available protein in C3 forages. 
Improving gains in forage fed cattle is a top priority, but with a large amount protein 
being degraded in the rumen, this causes high amounts of nitrogen to be excreted into the 
environment. The environmental impacts of livestock production and animal agriculture 
have increased the concerns of the public and control policies (Frarey and Pratt, 1995; 
Glover, 1996; Vukina et al., 1996; Wastenberger and Letson, 1995). The EPA reports that 
over one-quarter of U.S. surface water has become contaminated from livestock 
agriculture sources. (U.S. Environmental Protection Agency, 1994). In addition, to retain 
forage nutrients for improved gains, producers should also be interested in preventing 
 8
excessive nutrient excretion into the environment (Archibeque et al., 2001). The 
development of forage supplementations strategies to improve animal and nutrient 
retention is an important step to successful forage operations. 
Many experiments have been conducted using various supplements to enhance 
animal performance and forage utilization in forage-based diets. The supplement used in 
forage diets should be chosen to “supplement” the limiting nutrient in the diet. In the case 
of Tennessee pastures, that limiting nutrient is often energy. The two primary energy 
supplements for forage fed cattle are classified as energy concentrates (corn, wheat, and 
barley) and high-fiber energy supplements or byproduct feedstuffs (corn gluten feed, 
wheat midds, and soybean hulls).  
Energy supplementation can be used to achieve three situations of diet manipulation: 
1) low levels of supplementation can be used to increase forage intake and energy intake, 
2) supplementation used to maintain forage intake while increasing energy intake, 3) 
supplementation used to maintain energy intake while depressing forage intake 
(McCollum, 1997). McCollum (1997) states that often the success or failure of a 
supplemental feeding program is based on knowing how intake is affected by the chosen 
supplement. According to Lyons et al. (1999) forage intake in a grazing environment can 
be influenced by factors such as: herbivore species and size, foraging behavior, 
physiological status, animal production potential, forage quality, supplemental feed, 
forage availability, or environmental factors. In conjunction to altering intakes of forage 
diets with supplementation, changes in diet digestibility often occur with varying levels 
of energy supplementation. These changes are described as associative effects (Ferrell, 
1988), which can be defined as the influence one feedstuff has on the utilization another 
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when the two are consumed in conjunction. Negative associative effects occur when two 
feedstuffs (e.g. high intakes of concentrates with forage diets) negatively impact fiber 
digestion while maintaining or increasing energy intake. This situation may also be 
termed as a substitution effect (Caton and Dhuyvetter, 1997) due to the decrease in fiber 
digestion resulting in decreased forage intake and the concentrate supplement 
“substituting” for forage nutrients. Several researchers (Hoover, 1986; Goetsch et al., 
1991; Galloway et al., 1993; Moore et al., 1995) have shown that forage intake and fiber 
digestion were reduced when forage-based diets were supplemented with high levels of 
starch-based concentrates. Starch supplements often result in negative associative effects 
in forage diets more so than high-fiber energy feedstuffs, such as soybean hulls (Highfill 
et al., 1987; Anderson et al., 1988b; Martin and Hibberd, 1990; Galloway et al., 1991; 
Grigsby et al., 1992). Soybean hulls have been proven to have less negative associative 
effects, but have been shown to support gains similar to corn when supplemented to 
forage diets (Brown et al., 1981; Anderson et al., 1988a; Anderson et al., 1988b). This 
data helps to support that soybean hulls are similar to corn in energy value when 
supplemented to forage diets, but they do not effect forage utilization as adversely 
(Hibberd and Chase, 1986; Hibberd et al., 1987; Anderson et al., 1988a).   
Reductions in forage intake associated with corn supplementation have been 
attributed to starch (Caton and Dhuyvetter, 1997). The negative effects on fiber digestion 
and forage intake caused by starch supplements are in part due to the impact they have on 
the rumen environment and microbial populations. Starch supplements are high in 
soluble, non-structural carbohydrates, which are highly fermentable in the rumen. 
According to Owens and Goetsch (1988), cell contents of starch feedstuffs are fermented 
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into volatile fatty acids (VFA), which increase the acidity of the rumen. A diet high in 
starch feedstuffs, or rapidly soluble carbohydrate, permits the excessive production of 
VFA, that when coupled with a reduction in buffering action due to reduced salivation 
and chewing, set the stage for a drop in rumen pH. VFA proportions differ between 
roughage diets and diets containing higher amounts of soluble carbohydrates. This is a 
major factor in rumen environment shifts. Roughage diets maintain molar ratios of VFA 
as 65:25:10 (acetate:propionate:butyrate) and concentrate diets shift the ratios to 50:40:10 
(Owens and Goetsch , 1988). Through rapid carbohydrate fermentation, an excess of H2 
production reduces pyruvate into lactate and propionate, therefore; decreasing rumen pH.  
Roughage diets maintain a rumen pH range from 6.2 to 7.0, and when supplemented with 
starch feedstuffs may result in pH values of 5.5 to 6.5 (Owens and Goetsch , 1988). Fiber 
digestion decreases at pH 6.0 and below. Cellulolytic bacteria have been shown to reduce 
activity when ruminal pH fell below 6.2 (∅rskov, 1982; Mould et al., 1983). This is also 
supported by Russell et al. (1979) and Russell and Dombrowski (1980) whom state that 
cellulolytic bacteria reduced activity at pH of 5.7 to 6.2, and that amylolytic bacteria 
maintained activity when rumen pH ranges from 4.6 to 4.9. Declining ruminal pH 
associated with increasing dietary starch should direct the ruminal bacteria toward greater 
amylolytic and lower cellulolytic populations, thus, resulting bacterial shifts are thought 
to reduce fiber digestion and negatively affect intake of grazed forage (Caton and 
Dhuyvetter, 1997). In support, high levels of corn supplementation (greater than 23% of 
DM intake) decrease forage intake in sheep (Henning et al., 1980). In contrast, low levels 
of corn supplementation have shown to increase forage intake (Henning et al., 1980; 
Matejovsky and Sanson, 1995). The effects on fiber digestion and intake are dependent 
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on quantity of starch fed. Horn and McCollum (1987) reported that energy 
supplementation up to 0.5% of body weight can be fed without large decreases in intake 
and digestibility, but the effects are more pronounced at higher levels.  
Soybean hull supplementation 
There are generally three objectives of feeding soybean hulls to beef cattle: 1) to 
supply an economical energy supplement; 2) to minimize the potentially negative effects 
of non-fiber carbohydrates on ruminal digestion, and 3) to replace a portion of the fiber in 
the diets (Kung and Lin, 1997). Highfill et al. (1987) state that the supplementation of 
soybean hulls to low quality forage diets as a high fiber-energy supplement can be used 
without imposing negative associative effects that often occur with the supplementation 
of low fiber, highly fermentable concentrates. Soybean hulls are low in non-structural 
carbohydrates and have been shown to have fewer negative effects on forage intake and 
digestibility (Bowman and Sanson, 1996). The high fiber content of soybean hulls 
(66.30% NDF) and low lignin, 2.99% (NRC, 1988) allow them to be a complimentary 
supplement to forage diets. The low lignin content allows soybean hulls to be readily 
digestible in the rumen and they contain the nutrient substrates preferred by the resident 
cellulolytic fiber-digesting microbes in a grazing ruminant. Faulkner et al. (1994) 
reported that soybean hull total digestibilities are more than 70% (80.0% TDN: NRC, 
1988) for all nutrients and they are readily fermentable in the rumen. Metabolic disorders 
such as bloat or acidosis are possible with excessive starch supplementation, but the low 
starch level of soybean hulls, suggests that the risk of digestive upset, acidosis and 
founder should be minimal compared to feeding grain (Lalman and Steele, 2002). Merrill 
and Klopfenstein (1984) state that soyhulls do not contain rapidly fermentable starch and 
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do not present problems with over consumption and acidosis that is associated with corn 
and therefore can be safely fed to grazing animals.  
Soybean hull production 
Soybean hulls are a byproduct of the production of soybean oil and high protein, 
soybean meal. Soybeans are cracked with a roller to decrease the size of the seeds (Blasi 
et al., 2000). A blast of air removes the hulls and some soybean meat that is still attached. 
The hulls are then sifted and separated into three categories: 1) large hulls and meats, 2) 
small hulls and meats, and 3) fines. The fines are returned back to the main soybean 
stream. A final dehulling step separates the hulls and meat fractions, and the hulls are 
then toasted to destroy any urease activity. The hulls are then ground or kept whole and 
either pelleted or kept loose and then sold in bulk. The remaining meat fractions go 
through an oil extraction process with an organic solvent or mechanical extraction 
process to make oil for human consumption and soybean meal for mostly poultry and 
swine diets. The pelleting of soybean hulls is important for ease of transportation and 
storage, and to increase bulk density (Merrill and Klopfenstein, 1985).  
According to the Association of American Feed Control Officials (AAFCO, 1996) 
three feedstuffs can be composed of soybean hulls. The differentiation is crucial to 
balancing rations and supplementing forage systems. They are: 1) Soybean hulls (IFN 1-
04-560) are composed of mostly the soybean seed coats, 2) Soybean mill feed (consists 
of soybean hulls and the remainder of mill processes that produce soy grits or flour, and it 
must not be less than 13% CP and not more than 32% crude fiber, 3) Soybean mill run 
(IFN 4-04-595) consists of soybean hulls and bean meats, and it must not contain less 
than 11% CP or no more than 35% crude fiber. Any of the above is often classified as 
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“soybean hulls” and should therefore be tested by a certified lab before incorporation into 
a forage supplementation strategy to ensure accurate diet formulation. A review of data 
by Kung and Lin (1997) concluded that soybean hulls have CP concentrations that very 
from 9% to 16.5%. 
Soybean hull supplementation to forage diets: animal performance 
 Many studies have been conducted to determine how soybean hull 
supplementation affects animal growth rates when fed to a forage-based diet. Over a three 
yr study, Horn et al. (1995) fed soybean hulls + wheat middlings or a corn based 
supplement at an average of 0.65% BW to steer calves grazing wheat pasture. Daily gains 
were increased by 0.15 kg with supplementation (1.07 kg/d) over grazing alone (0.92 
kg/d). No differences were found between supplements. Supplementation in this study 
allowed stocking rates to be increased by 33.0% (1.24 to 1.65 steers/ha). Also, the 
supplements contained 88 mg of monensin/kg. Lalman and Steele (2002) report average 
daily gains of 0.91 kg/d when pelleted soybean hulls were fed free choice to heifers 
implanted with Synovex-H and grazing spring pasture. Feed efficiencies were reported to 
be 7.05:1 (feed:gain). Heifers fed free choice hay and pelleted soybean hulls were 
maintained in a dry lot gained 0.99 kg/d and 0.97 kg/d during 84 d fall and summer trials, 
respectively (Lalman and Steele, 2002). Anderson et al. (1988a) fed untoasted soybean 
hulls or corn to steers and heifers, implanted with growth promotants, that grazed brome 
grass pastures in two feeding trials. Gains were not different between supplements (1.13 
and 1.14 kg/d for soybean hulls and corn, respectively), but showed tendencies to 
increase gains when supplemented in trial 1. Trial 2 resulted in significantly higher gains 
when supplemented (0.77 kg/d) than when unsupplemented (0.60 kg/d). Steers implanted 
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with Synovex-S were fed a free choice by-product supplement (mixture of equal parts 
soybean hulls and corn gluten feed) while consuming free choice round bales of hay 
gained 0.85 kg/d (Johns et al., 2002). Fall-calving cows grazing tall grass prairie were 
supplemented with 2.8 kg/d of corn-cottonseed meal or 3.5 kg/d of soybean hulls showed 
that soybean hull supplementation resulted in cows maintaining heavier body weights and 
better body condition scores than those feed corn (Hibberd and Chase, 1986). Implanted 
steer feeder calves were fed free-choice ground hay and fed 0, 1.14, 2.27, or 3.41 kg/d of 
soybean hulls. As soybean hulls were increased in the diet, weight gains increased and 
hay intake decreased, and the 3.41 kg/d level proved to be the most economical with a 
feed cost of $30.42/cwt gain (Allison et al., 1995).  Beef steers grazing endophyte-
infected tall fescue and supplemented with 0.75% BW (as-fed basis) of cracked corn or 
soybean hulls resulted in an average growth rate over multiple seasons of 0.73 and 0.77 
kg/d for corn and soybean hulls, respectively (Fieser et al., 2002). Soybean hulls 
supplementation has proven to increase gains when supplemented to forage diets, but 
effects on intake and digestibility remain unclear.  
Soybean hull supplementation to forage diets: intake and digestibility 
 An increase in gains may not totally explain nutrient use efficiency. The effect 
that soybean hull supplementation has on forage intake and digestibility better indicate 
the effectiveness of a supplementation program. Highfill et al. (1987) demonstrated that 
when beef cows were fed a free choice diet of 75% ground tall fescue hay and 25% 
concentrate (corn + soybean meal, soybean hulls, corn gluten feed, or citrus pulp + 
soybean meal), total DM intake (DMI) and total tract DM digestibility (DMD) was not 
different between treatments, but total tract NDF digestibility (NDFD) was greater for 
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soybean hulls than for corn plus soybean meal treatments at 55.4% and 49.6%, 
respectively. Anderson et al. (1988b) found that wethers fed free-choice brome hay and 
supplemented with free choice whole, ground, or pelleted soybean hulls averaged 63.6% 
DMD and 61.0% NDFD with 4.3% BW DMI with differences due to processing. Steers 
supplemented with 1.05 or 2.5 kg/calf/d of corn, ground soybean hulls, or whole soybean 
hulls to an indiangrass hay, alfalfa hay, and NH3-treated oat straw diet showed no 
differences in intake between supplements or feeding levels, except at the higher feed 
level where ground soyhulls resulted in an 1.15 kg/d higher intake than whole soybean 
hulls (8.12 and 6.97 kg/d, respectively). Daily gain differences were significant between 
feeding levels, but not supplements (0.73 and 0.87 kg/d for low and high levels, 
respectively). The steers were fed 100 mg/0.41kg of monensin in a soybean meal–mineral 
supplement daily (Anderson et al., 1988b).  Martin and Hibberd (1990) fed either 0, 1, 2, 
or 3 kg/d of soybean hulls (DM) to fresh low-quality native grass hay that was fed to 
allow 2.3 kg more than the previous d intake. They observed hay OM intake to be highest 
at the 1 kg/d supplementation level at 10.14 kg/d and total OM intake to be highest at the 
2 kg/d level at 11.99kg/d. Organic matter total tract digestibilities increased with 
increasing levels of soybean hulls (45.8%, 46.2%, 46.6%, and 48.6%) showing that the 
addition of soybean hulls increases OM digestibility. Neutral detergent fiber digestiblities 
were not different among feed levels. Grigsby et al. (1992) reported significant increases 
in total tract and ruminal digestibilities of DM, OM, and cell wall contents when soybean 
hulls were fed at 0, 15, 30, 45, and 60% (DM) of a bromegrass hay diet. This is in part 
due to the higher digestibility of soybean hulls, which were becoming a larger portion of 
the diet. Holstein steer calves ,fed long stemmed bermudagrass hay or orchardgrass hay 
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at 105 to 110% of the previous d intake, were supplemented with 0.5% BW of corn, 0.7% 
BW of soybean hulls, or a 0.25/0.35% BW mixture of corn/soybean hulls (Galloway et 
al., 1993). Hay OM intake was lower with supplementation and lowest with soybean 
hulls. OM digestibility was not affected by supplementation, but was greater for 
orchardgrass hay. Neutral detergent fiber intake was greater with soybean hull 
supplementation, and soybean hulls improved NDF digestibility with bermudagrass hay. 
Garcés-Yépez et al. (1997) fed steers and lambs free-choice bermudagrass hay 
supplemented with corn + soybean meal, wheat middlings, or soybean hulls at 25% or 
50% of the estimated TDN intake. The results show that soybean hulls and wheat midds 
increased hay intake (1.65% vs. 1.59%) more than corn + soybean meal at the 50% 
inclusion rate, with the 50% level of all supplements reduced hay intake from the 25% 
level. Total and digestible OM intake was the greatest for soybean hulls at the 50% level 
(8.76 and 5.46 kg/d, respectively). Soybean hulls resulted in the greatest NDFD at both 
the 25 and 50% levels at 58.9 and 63.3%, respectively. An experiment conducted by 
Fieser and Vanzant (2002) observed the interaction of corn or soybean hull 
supplementation (0.75% BW, as-fed basis) with different hay maturity levels (vegetative, 
boot stage, heading stage, or mature) when fed to steers at 150% average intake. Intakes 
and digestibilities decreased similarly for all treatments from the vegetative to the mature 
forage stages, which is expected due to increasing fiber content and lignification of 
maturing forages. Forage DMI was decreased with supplementation, but no differences 
were found between corn or soybean hulls. Soybean hulls resulted in significant increases 
in DMD and NDFD over corn and forage alone.            
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Soybean hull supplementation to forage diets: metabolite production 
 Intake and digestibility are influenced mostly by the effects that supplementation 
has on fermentation characteristics within the rumen. Fluctuations in pH, VFA ratios, and 
ammonia (NH3) concentration in response to supplementation have profound effects on 
the extent of forage digestion and nutrient utilization. The addition of soybean hulls to 
forage diets has resulted in the greatest drops in pH occurring mostly between 5 and 10-h 
post feeding at level not generally below pH 6.0 (Highfill et al., 1987; Anderson et al., 
1988b; Martin and Hibberd, 1990; Grigsby et al., 1992). In addition, Galloway et al. 
(1993), Bach et al. (1999), and Fieser and Vanzant (2002) reported pH levels from 
soybean hull supplementation to forage diets to range from pH 6.03 to 6.62, which are 
similar to forage only diets (pH 6.10 to 6.64). The data supports that intake and 
digestibilities of soybean hull plus forage diets are most likely not affected by pH.  
Volatile fatty acids (VFA) are byproducts of microbial fermentation processes 
that are absorbed by ruminant tissues for gluconeogenic and energy needs. Varel and 
Kreikemeier (1999) reported total rumen VFA concentrations of 97 and 68 mM for 
heifers consuming alfalfa hay and bromegrass hay, respectively. Vanzant et al. (2002) 
observed steers grazing stockpiled fescue and summer fescue to have rumen VFA 
concentrations of 78.6 and 55.5 mM, respectively. Increases in VFA concentrations are 
estimates of increased microbial activity in fermentation and digestion of feedstuffs. 
Increases in total VFA production in response to soybean hull or fiber supplementation 
have been reported: Fieser and Vanzant (2002) reported hay at 113.7 mM and hay plus 
soybean hulls 118.0 mM, Vanzant et al. (2002) reported grazed stockpiled fescue at 78.6 
mM and grazed stockpiled fescue plus oat fiber at 94.5 mM, Bach et al. (1999) reported 
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126 mM and 152 mM for lush pasture and lush pasture plus soybean hulls, respectively, 
and Galloway et al. (1993) reported 79.1 mM and 87.2 mM for orchardgrass hay and 
orchardgrass hay + soybean hulls, respectively. The above data supports the effects on 
increasing microbial fermentation activity with high fiber energy supplementation to 
forage-based diets.  
Ammonia data has been quite variable, but Highfill et al. (1987), Martin and 
Hibberd (1990), and Grigsby et al. (1992) agree that NH3-N concentrations peak at 2 h 
post feeding of soybean hulls to forage diets (6.9 to 24.9 mg/dL) and fall quickly to near 
prefeeding levels (approximately 1.5 to 6.8 mg/dL) after 4 to 6 h postfeeding.  Bach et al. 
(1999) reported NH3-N levels of 10.3 and 4.4 mg/dL for lush pasture and soybean hulls 
supplementation to lush pasture, respectively. Reductions in rumen ammonia 
concentrations due to high-fiber energy supplementation to forage diets have been shown 
in experiments by Galloway et al. (1993; 10.5 mg/dL and 8.8 mg/dL for orchardgrass hay 
and orchardgrass hay plus soybean hulls, respectively) and Vanzant et al. (2002; 12.92 
mg/dL and 5.1 mg/dL for grazed stockpiled fescue and stockpiled fescue plus oat fiber, 
respectively). These experiments demonstrate that soybean hulls aid in capturing NH3-N 
for microbial use. 
Soybean hull supplementation to forage diets: microbial crude protein       
Microbial crude protein is a significant source of amino acids for protein metabolism 
and synthesis in ruminant animals. Feed proteins and protein requirements have been 
classified as degradable intake protein (DIP) and undegradable intake protein (UIP) 
(NRC, 1996). UIP is that portion of feed protein that “by-passes” or “escapes” rumen 
degradation. It is potentially available for intestinal enzymatic processing and digestion. 
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DIP represents that portion of feed protein that is degraded by rumen microbes. Rumen 
microbes utilize the non-protein nitrogen (ammonia) and true protein (amino acids) 
sources that are made available from DIP to support growth, proliferation, and 
fermentation activity. Much of this DIP is underutilized in forage diets due to the excess 
of nitrogen and lack of energy to help to capture the nitrogen and convert it into microbial 
biomass. Varel and Kreikemeier (1999) reported microbial nitrogen (N) flow to the 
duodenum of cows consuming bromegrass hay to be 63 g/d. The addition of soybean 
hulls to forage based diets has been shown to increase the flow of microbial N to the 
duodenum. To support, Grigsby et al. (1992) demonstrated that duodenal microbial N 
flow was increased from 97.9 g/d up to 121.4 g/d when soybean hulls were supplemented 
at levels of 0, 15, 30, 45, and 60% inclusion into a bromegrass hay diet. Galloway et al. 
(1993) found that the addition of soybean hulls to bermudagrass or orchardgrass hay diets 
increased duodenal microbial N flow (49.3 and 55.0 g/d, and 54.1 and 69.7 g/d for 
bermudagrass and orchardgrass controls and soybean hull supplementations, 
respectively). In beef cows consuming tall fescue hay supplemented with soybean hulls 
to supply 100 and 200 g/d of UIP, duodenal N flow was increased from 65 to 92 and 95 
g/d for fescue hay and the 100 and 200 g/d supplementations, respectively (Forcherio et 
al., 1995).  
The use of soybean hulls as an additional energy source in fresh forage diets can 
increase animal growth rates and forage nutrient utilization and digestion. This feeding 
strategy can be a valuable tool to aid Tennessee beef producers in better utilizing forage 
resources and increasing gains and animal performance.  
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CHAPTER 2 
EXPERIMENT 1: A COMPARISON OF BEEF CATTLE PERFORMANCE IN 
COOL SEASON FORAGE BASED FINISHING SYSTEMS 
 
ABSTRACT 
In two consecutive yr, 42 weaned beef calves (305.3 ± 12.8 kg) were used to 
compare two forage-based finishing systems. Calves were stratified by gender and weight 
and randomly allotted to system. Both systems consisted of fall, winter and spring 
grazing periods. The first system (CSP+A) consisted of calves grazing cool season 
perennial grass pastures in the fall and spring (0.20-ha/calf) and winter annual pasture 
(0.20-ha/calf; three replications). The second system (CSP+SH) consisted of calves 
supplemented with soybean hulls at 1.0% BW (four replications) while grazing cool 
season pasture in the fall and spring (4.9 calves/ha) and stockpiled cool season perennial 
grasses in the winter (2.5 calves/ha). The replications consisted of three steers and three 
heifers. Calves grazed the same pastures in fall and spring, but separate winter pastures. 
Hay was fed to both systems when adequate pasture was not available. Initial and final 
weights for each period were the average of two consecutive d weights. Calves were 
weighed and supplement adjusted at 28-d intervals. At the onset and completion of each 
grazing period, ultrasound was used to determine ribeye area and backfat thickness. After 
306 and 284 d (yr one and two, respectively) calves were harvested and carcass data 
collected. CSP+SH calves gained 0.58 kg/d more (P < 0.01) than CSP+A calves (0.40 
and 0.98 kg/d, respectively), which resulted in 171 kg more total weight gain during the 
experiment. The CSP+SH calves were heavier (P < 0.01) than CSP+A calves at harvest 
(595.3 and 427.6 kg, respectively). CSP+SH calves received an average of 1,139 kg/calf 
(DM basis) of soybean hulls throughout the experiment. Final ultrasound measurements 
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indicated that CSP+SH calves had a larger (P < 0.01) ribeye area and thicker backfat (P < 
0.01) than CSP+A calves (77.7 and 52.1 cm2; 0.97 and 0.31 cm, respectively). CSP+A 
calves averaged a 1.4 yield grade and average Standard quality grade, while CSP+SH 
calves had a higher (P < 0.01) yield grade (2.8) and quality grade (low Choice). The 
CSP+SH system resulted in greater gains with higher quality carcasses than CSP+A.  
INTRODUCTION 
 Tennessee, as well as many other southeastern states, has an abundance of forage 
resources available for animal grazing or hay production. The humid transitional climate 
of these states permits long forage growing seasons. The abundant supply of forage is the 
predominant nutrient source for the large number of cattle produced in this area of the 
U.S. Most of the beef cattle operations are cow-calf with goals of producing feeder calves 
to market to feedlots. Retaining ownership of these calves by establishing finishing 
systems based on forage resources could provide niche market opportunities for 
southeastern producers. These niche market opportunities could address those consumers 
interested in the health benefits that have been related with forage-fed beef. Mills (2003) 
states that with elevated levels of conjugated linoleic acid (CLA) and omega-3-fatty acids 
reported to help in the fight against cancer, diabetes, and heart disease, grass-finished 
beef is made-to-order for the health-conscious consumer. Fresh forages have been found 
to have an excess of protein to meet the needs of growing cattle, but energy is limiting the 
ability to convert forage protein into animal tissues. The addition of high-fiber energy 
supplements has been found to improve gains and forage nutrient utilization. The 
objective of this experiment was to compare two pasture-finishing systems to determine 
the effects on animal growth and carcass quality. 
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MATERIALS AND METHODS 
Animal management 
 Calves selected from the 2000 and 2001 calf crops were born and weaned at the 
Middle Tennessee Agricultural Experiment Station (Spring Hill, TN). Cow calf pairs 
grazed mixed perennial grass pastures. All bull calves were castrated within 3 d after 
birth. The dams were vaccinated each spring with a 5 ml intramuscular injection of 
CM4+VL5 (Pfizer, Cattle Master 4 + VibrioLepto5: Infectious Bovine Rhinotracheitis, 
Bovine Viral Diarrhea, Parainfluenza3, Bovine Respiratory Syncytial Virus + Vibriosis-
Campylobacter fetus, Leptospira canicola, -grippotyphosa, -hardjo, -
leterohaemorrhagiae, and –pomona). All calves were vaccinated with a 5 ml 
intramuscular injection of CM4+VL5 and a 2 ml subcutaneous injection of Vision 7 
(Intervet, Clostridium chauvoei, -septicum, -sordellii, -perfringens, and –novyi) at three 
months and again, three weeks prior to weaning. Weaning occurred during September for 
approximately 20-d before crossbred beef calves (n = 42/yr) were selected for the 
experiment. During the weaning period, all calves grazed mixed perennial grass pastures, 
which consisted of predominately tall fescue (Festuca arundinacea Schreb.), 
orchardgrass (Dactylis glomerata L.), and Kentucky bluegrass (Poa pratensis). At the 
onset of the experiment the calves were 270 ± 44 and 248 ± 14 d of age in yr one and 
two, respectively. The experiment began on October 5, 2000 and October 11, 2001and 
ended on August 7, 2001 and July 22, 2002 creating experimental periods of 306 and 284 
d for yr one and two, respectively. The initial carcass estimations were determined 
approximately a week before initiating the experiment by restraining calves in a weighing 
chute and using real-time ultrasound (Gresham, 1999) to estimate the ribeye area (REA) 
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and backfat (BF) of the longissimus dorsi between the 12th and 13th ribs. All calves were 
weighed on two consecutive d and weights were averaged to determine initial weights. 
Calves were stratified by gender, weight, REA, and BF before being randomly allotted to 
a grazing system. Prior to placement in system paddocks, calves were individually 
identified with color-coded, numbered ear tags. The two systems: Cool season perennial 
grass pastures and winter annuals (CSP+A) and Cool season perennial grass pastures plus 
soybean hull supplementation at 1.0% BW (DM basis; CSP+SH) had three and four 
replications, respectively. Each replication contained three steers and three heifers. The 
CSP+A system represents the use of winter annual forages to support winter grazing, 
while grazing cool season perennial grasses during the fall and spring. The CSP+SH 
system consists of the addition of 1.0% BW (DM basis) per d of pelleted soybean hulls 
(SH) to calves grazing cool season perennial grasses in the fall and spring and 
accumulated cool season perennial grasses during the winter. The experiment had three 
grazing periods (fall, winter, and spring; Table 2-1). Grazing resources for each 
replication of the CSP+A system consisted of one 1.2 ha cool season perennial grass 
paddock  (4.9 calves/ha) that was grazed in the fall and spring periods and one 1.2 ha 
annual cereal wheat (Triticum aestivum) paddock (4.9 calves/ha) that was grazed during 
the winter period. Each replication of the CSP+SH system consisted of a 1.2 ha cool 
season perennial grass paddock grazed in the fall and spring periods and a 2.4 ha 
accumulated cool season perennial grass paddock (2.5 calves/ha) grazed in the winter 
period. Initial and final weights of each period were the average of two consecutive d  
weights. Interim weights were taken every 28 d and used to adjust SH intake. No growth 
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Table 2-1. Dates and number of d per grazing period for a two-yr pasture finishing 
beef experiment. 
Grazing period Grazing period initiated Grazing period ended Length, d 
Year 1    
  Fall October 5, 2000 November 22, 2000 48 
  Winter November 22, 2000 March 30, 2001 128 
  Spring March, 30 2001 August 7, 2001 130 
  Total October 5, 2000 August 7, 2001 306 
    
Year 2    
  Fall October 11, 2001 December 6, 2001 56 
  Winter December 6, 2001 March 28, 2002 112 
  Spring March 28, 2002 July 22, 2002 116 
  Total October 11, 2001 July 22, 2002 284 
 
 
promoting implants or feed additives were administered. Calves were moved to winter 
paddocks when the fall forage became limited as determined visually by the herd 
manager. The calves were moved to spring paddocks when new growth was sufficient to 
support grazing. CSP+SH calves were fed pelleted SH at approximately 0800 C.S.T daily 
in feed bunks with adequate space to allow simultaneous consumption by all calves. The 
SH fed in this experiment consisted of 54.0 and 59.0 % NDF, 38.7 and 42.2 % ADF, and 
19.4 and 16.4 % CP for yr one and two, respectively. Both systems received free choice 
TM salt blocks (American Stockman: Big 6 Mineral Salt; IMC Salt Inc.; Overland Park, 
Kansas. NaCl Min, 96.000%; NaCl Max, 99.00%; Mn Min, 2,400 ppm; Fe Min, 2,400 
ppm; Cu Min, 260 ppm; Cu Max, 380 ppm; Zn Min, 320 ppm; Co Min, 40 ppm) and 
access to fresh water via freeze proof waterers. Mixed perennial grass hay was fed to all 
groups of calves when winter forage became limited as determined by the herd manager. 
The calves remained in winter paddocks while fed hay. Routinely the calves were 
observed for signs of bloat or acidosis, of which neither occurred. Grazing systems were 
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terminated at the first harvest date that could be arranged with the abattoir after calves 
reached an acceptable amount of finish based on visual observations. Ultrasound 
estimations of carcass measurements were made at the experiment station prior to 
harvest. Final weights were recorded and the cattle were shipped to the abattoir for 
harvest. 
Paddock forage management 
 Paddocks were fertilized with 51 kg/ha of nitrogen as urea (46% N) each spring.  
Spring paddocks were not clipped during the grazing season. Hay was harvested from 
paddocks not grazed or after the experimental yr commenced. Approximately 46,478 kg 
(DM basis) of mixed perennial grass hay was harvested during the spring and late 
summer of each grazing yr. Cereal wheat seed was drilled into a killed seedbed in mid to 
late October for yr one and mid November for yr two. The experimental paddocks 
provided all forage, grazed and hay, consumed during the experiment. 
Forage sampling and botanical composition 
A separate diet intake experiment was conducted at the beginning of each spring 
period to estimate forage intake with or without SH supplementation. A brief description 
of the methodology for the intake study is included in Appendix A. 
Collection 
Hand clipped forage samples were taken at the beginning of each grazing period 
and at 28-d intervals to coincide with interim calf weights to estimate available forage 
mass and forage quality (data summarized in Appendix B). In yr one, the initial clip 
samples for each grazing period were hand sorted for botanical composition. Forage clip 
samples were taken from five randomly chosen locations in each paddock. A weighted 
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marker device was projected into the paddock to produce a random site for sampling. 
Each sample site was 0.25 m2. A square constructed of 1.90 cm diameter polyvinyl 
chloride pipe was used to form the sample area. The sample square was centered over the 
marker device and the forage was separated to insure the square sat as near to the ground 
surface as possible, as well as to prevent forage from being collected that grew outside of 
the area. Forage samples were cut with a pair of 30.50 cm garden shears at approximately 
2.54 cm from the surface of the ground. Placing the shears on the square and using the 
combined height of the square and thickness of the shears to cut the forage regulated the 
cut height. Often, feces, soil masses, or ant mounds were present in the sample area. In 
this case, the area was moved 0.50 m towards the north to prevent excessive foreign 
material from being collected that might skew weights and chemical analysis of the 
forage. The collected forage was placed into a pre-labeled paper bag and frozen (-200 C) 
until further processing. Walking approximately 30 steps and tossing the marker device 
determined the next site. 
Forage samples not receiving a botanical characterization were removed from the 
freezer, and dried in a 550 C forced air oven for 48 to 120 h to determine the forage DM 
content. Estimations were calculated by first subtracting the difference of previously 
averaged dry bag weights (n = 3) from each of the five samples per pasture. The weights 
were summed and used to estimate kg/ha of forage (DM). 
The estimations were calculated as follows: 
X = (Σg / 1.25) x 10  
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Where: X = kg/ha forage (DM); Σg = sum of 5 dry forage samples, grams – 
(average of three dry paper bag weights). 
All five samples were composited by paddock and collection date for nutrient analysis. 
Botanical Composition  
Forage clip samples taken at the beginning of each grazing period during yr one 
were used to determine the botanical composition of the grazed forages. The samples 
were collected and stored as described above. Upon removal from storage each of the 
five sample bags were sorted manually into live and dead material with live material 
sorted into weeds and forage by species. The identification of forage species was 
determined by visual appraisal by a trained technician. The factors of characterization 
were based on leaf blades, sheaths, ligules, auricles, color, size, seed heads, and textures 
that represented a particular specimen. Respective species were composited from all five 
samples to represent that paddock. All forage species were placed in pre-labeled paper 
bags, weighed, and placed in a forced air oven (550 C) for DM determination. Samples 
were then ground using a Wiley Mill (Arthur Thomas Company, Philadelphia, PA) into 
two portions, live and dead material. Based on 550 C dry matter weights a 30 g composite 
was formed using the percentages of live and dead material to represent the original 
presorted forage composition. This subsample was utilized to determine forage quality. 
The predominant cool season perennial forage species consisted of Kentucky bluegrass 
(Poa pratensis), tall fescue (Festuca arundinacea), and orchardgrass (Dactylis 
glomerata). Cereal wheat (Triticum aestivum) represented the cool season annual forages. 
The predominant warm season forages were dallisgrass (Paspalum dilatatum) and 
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carpetgrass (Axonopus affinis).  The paddocks had minimal to no legumes present (see 
Appendix C for characterization of forage species for each system).   
Rumen fistulation and cannula placement 
 The six steers were selected for fistulation from the spring 2000 calf crop. The 
calves were chosen based on health, structural correctness, and temperament. They were 
halter broke and conditioned to human contact to ensure safety of animals and personnel 
and to promote quality of sampling. On November 4 and 5, 2000 the calves (223 ± 42 kg) 
were surgically altered after 48 h feed and 24 h water fasting. Each calf was restrained in 
a livestock-handling chute. The fistula lies on the left side of the calf. Hair removal and 
pre-surgical scrubbing prepared the surgical area. Lidocaine (100 ml) was injected into 
the superficial, subcutaneous, and deep tissue to provide anesthetic. It was injected in 
parallel with the lumbar region of the spine beginning at the last rib and moving caudally. 
Then starting again at the last rib and moving parallel with the rib in a ventral-caudal 
direction completed a reversed seven pattern. The pattern allowed for full desensitization 
of the surgical region. This area was from the dorsal lumbar area moving ventral with the 
12th and 13th ribs as the cranial boundary and the hooks as the caudal boundary. The 
location of the fistula was determined by selecting a circular area approximately 7.5 cm 
in diameter near the acute angle of the reversed seven pattern. Correctly determining the 
fistula location is crucial to ensure proper functioning of the rumen musculature and blind 
sac contractions. The fistula was then surgically formed. A cannula (4C; Bar Diamond, 
Inc, Parma, ID) with a 7.5 cm diameter was placed into the completed fistula. The calves 
were treated with antibiotics twice daily for three d and returned to feed and water. Post-
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surgical suture removal occurred in 10 – 14 d. At this time a 10 cm diameter cannula (3C; 
Bar Diamond, Inc, Parma, ID) was placed into the healed fistula to ensure a good fit. 
Diet selection sampling 
 Diet quality was determined by collection of diet selection samples using six 
ruminally fistulated steers fitted with rumen cannulas. Diet quality selection samples 
were obtained at the beginning of each grazing period. Fall 2000 samples were not taken 
because steers were being fitted with fistulas. The sampling consisted of three-d of 
collections occurring twice daily. A pair of haltered steers was placed into three of the 
currently grazed paddocks. An AM and PM collection was taken from each paddock. The 
AM sampling was completed and the steers were removed by the time of feeding SH to 
prevent consumption for by the fistulated steers. After the second sampling of a paddock, 
the pair was moved to paddocks to be sampled the next d. This rotation continued until 
all currently grazed paddocks had been sampled. 
 Samples were collected by capturing the pair of steers, and evacuating the rumen 
via the rumen cannula. The rumen contents were placed into a 125-L plastic barrel 
(Rubbermaid, Newell Rubbermaid Freeport, IL) as described by Lesperance et al. 
(1960), except that the ruminal wall will be washed with a wet sponge and allowed to 
graze for approximately 0.75 h. One h or less is most ideal to prevent excessive forage 
fermentation. After the time had elapsed the steers were caught and the fresh rumen 
contents manually mixed in the rumen and a one kg wet sample taken from each steer and 
place into pre-labeled (~ 1 L) aluminum pans. After a collection sequence, each paddock 
had approximately four kg of wet sample. The samples were immediately placed on ice 
until all six steers were collected and then storage at -200 C. The original rumen contents 
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were returned to the respective steers. This process was repeated for all steers, times, and 
paddocks until sampling was complete. The fistulated steers were then moved back to an 
extra cool season grass paddock where they were maintained on pasture and 
supplemental SH when not being sampled. The same group of six steers was used for diet 
quality sampling in both yr one and two. 
Diet selection: sample storage and processing 
 Diet selection samples were placed frozen in a Virtis: Freezemobile 24, freeze 
dryer and lyophilized until dry (14 – 18 d). Dry samples were composited by paddock 
and period into one sample from two steers. The samples were analyzed for nutrient 
composition, which is summarized in Table 2-2. 
Sample analysis 
Dry forage samples were ground to pass a 1-mm screen in a No. 3 Wiley Mill 
(Arthur Thomas Company, Philadelphia, PA). Dry composited rumen samples were 
ground to pass a 2-mm screen. A subsample was taken and reground to pass a 1-mm 
screen. The 2-mm samples were stored for potential in situ or in vitro experiments at a 
later time. The rumen 1-mm subsamples and forage samples were analyzed for DM and 
OM (AOAC, 1990), N (Leco FP-2000, Leco Corporation, St. Joseph, MI), and NDF and 
ADF (Ankom 200 Fiber Analyzer, Ankom Co., Fairport, NY) using Ankom Technology – 
F57 Filter Bags. Crude protein (CP) was calculated by multiplying nitrogen 
concentration by 6.25. See Appendix D for diet quality estimations determined from 
masticated forage rumen samples. 
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Table 2- 2. Diet quality estimated from rumen masticate samples 
(dry matter basis). 
    YEAR 1 YEAR 2 
Item Period CSP+Aa CSP+SHb CSP+Aa CSP+SHb 
CP, % Fall --- --- 16.42 16.79 
  Winter 24.13 20.51 --- 14.56 
  Spring 22.32 23.30 19.61 19.39 
NDF, % Fall --- --- 55.55 55.12 
  Winter 43.81 54.98 --- 53.91 
  Spring 45.66 44.99 53.40 52.20 
ADF, % Fall --- --- 30.53 30.83 
  Winter 20.70 28.31 --- 29.58 
  Spring 23.65 23.95 27.98 28.60 
aCSP+A: Cattle finished on cool season perennial grass pastures 
and wintered on winter annuals.   
bCSP+SH: Cattle supplemented with 1.0% body weight (DM) 
soybean hulls while finished on cool season perennial grass 
pastures and wintered on stockpiled cool season grasses. 
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Animal harvest and carcass data 
  The calves were determined as finished by visual observation. Cattle were 
shipped to a federally inspected abattoir, Brown’s Packing in Gaffney, South Carolina for 
harvest. Hot carcass weights (HCW) were recorded and following a 48-hr chill, (approx.-
1.10 C) carcasses were split into halves and ribeye area (REA) determined at the 13th left 
rib using a certified REA grid scorecard. A USDA inspector determined BF, kidney-
pelvic-heart fat (KPH), maturity score, marbling score, quality grade (QG), and yield 
grade (YG). 
Statistical design 
The statistical model consisted of a randomized complete block design blocked on 
yr to control variation between yr. Data were analyzed using PROC MIXED procedure of 
SAS (SAS, 2001) with yr, treatment and yr by treatment interactions as fixed effects. The 
data were analyzed for initial, final, and periodic body weights, average daily gains, 
ribeye area, backfat, ribeye area per unit bodyweight, and for harvest data, hot carcass 
weight, ribeye area, backfat, quality grade, and yield grade were analyzed. Quality grade 
values are based on a descriptive scale (e.g. canner, select, prime), but where converted to 
a numerical scale for statistical analysis (see Appendix E). 
RESULTS 
 At the initiation of the experiment, there were no differences in live weight (BW; 
P = 0.91), ribeye area (REA; P = 0.90), or backfat (BF; P = 0.31). Animal performance 
data are summarized in Table 2-3 and carcass data are summarized in Table 2-4. 
CSP+SH had 0.44 kg/d greater fall average daily gains (P = 0.01) and were 22.5 kg 
heavier (P = 0.01) at the end of the fall grazing period. Also at this time, CSP+SH had 
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Table 2-3. Performance of cattle grazing cool season grasses 
with or without soybean hull supplementation. 
 Systema      
Item  CSP+A  CSP+SH SEM P value 
Live weight, kg     
   Initial 305.4 305.2 12.8 0.91 
   Winterb 322.3 344.8 14.8 0.01 
   Springb 353.7 472.4 5.0 0.01 
   Final 427.6 595.3 8.1 0.01 
ADG, kg/d     
   Fall 0.32 0.76 0.06 0.01 
   Winter 0.25 1.06 0.10 0.01 
   Spring 0.58 1.00 0.03 0.01 
   Year 0.40 0.98 0.04 0.01 
Period gain, kg     
    Fall 16.9 39.7 3.3 0.01 
    Winter 31.4 127.5 17.3 0.01 
    Spring 70.9 123.0 6.4 0.01 
    Year 119.2 290.2 20.5 0.01 
a CSP+A: cattle grazing cool season perennial grasses with winter 
annual grass period; CSP+SH: cattle grazing cool season perennial 
grasses + 1.0% BW (DM) soybean hull supplementation. 
b measurements occurred at the beginning of period. 
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 Table 2-4. Carcass measurements of cattle grazing cool season 
grasses with or without soybean hull supplementation 
 Systema      
Item  CSP+A  CSP+SH SEM P value 
Ultrasound ribeye area, cm2     
    Initial 44.8 44.7 4.8 0.90 
    Winterb 46.3 50.0 2.9 0.01 
    Springb 44.5 63.8 1.5 0.01 
    Final 52.1 77.7 1.3 0.01 
Ribeye area/BW, cm2/kg     
    Initial 0.15 0.15 0.01 0.94 
    Winterb 0.14 0.14 0.01 0.69 
    Springb 0.13 0.13 0.01 0.05 
    Final 0.15 0.13 0.01 0.01 
Ultrasound back fat, cm     
    Initial 0.34 0.36 0.12 0.31 
    Winterb 0.32 0.45 0.08 0.01 
    Springb 0.21 0.59 0.03 0.01 
    Final 0.31 0.97 0.07 0.01 
Harvest measures     
    Ribeye area, cm2 61.9 75.7 2.6 0.01 
    Backfat, cm 0.25 1.00 0.04 0.01 
    Hot carcass weight, kg 198.4 305.5 7.5 0.01 
    Yield grade  1.37 2.83 0.12 0.01 
    Quality gradec 14.0 19.1 0.15 0.01 
a CSP+A: cattle grazing cool season perennial grasses with winter 
annual grass period; CSP+SH: cattle grazing cool season perennial 
grasses + 1.0% BW (DM) soybean hull supplementation. 
b Measurements occurred at the beginning of period. 
c Quality grade scale: 14 = USDA Standard neutral and 19 = USDA 
Choice low 
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 greater (P = 0.01) REA and more (P = 0.01) BF. Gains over the winter were higher (P = 
0.01) for CSP+SH. CSP+SH cattle were 118.7 kg heavier (P = 0.01) than CSP+A cattle 
at the end of the winter grazing period. CSP+SH cattle also had greater REA (P = 0.01) 
and BF (P = 0.01) measurements after the winter period. CSP+SH cattle gained 0.42 kg/d 
more (P = 0.01) than CSP+A cattle through the spring grazing period. CSP+SH cattle 
were 167.7 kg heavier (P = 0.01) and had larger (P = 0.01) REA and BF measurements at 
the end of the spring period. Final BW, REA, and BF measurements were 427.6 and 
595.3 kg, 52.1 and 77.7 cm2, and 0.31 and 0.97 cm for CSP+A and CSP+SH, 
respectively. CSP+SH cattle gained 0.58 kg/d more (P = 0.01) than CSP+A resulting in 
171.0 kg more weight (P = 0.01) gained during the experiment. Upon harvest, CSP+SH 
cattle had heavier (P = 0.01) hot carcass weights at 198.4 and 305.5 kg for CSP+A and 
CSP+SH, respectively. Harvest REA was 13.8 cm2 larger (P = 0.01) and harvest BF 
measurements were 0.75 cm greater (P = 0.01) for CSP+SH cattle. When REAs were 
evaluated per kg BW, only the final REA/BW were different with CSP+A cattle having 
larger (P = 0.01) REA/BW. Yield grade determinations were greater (P = 0.01) for 
CSP+SH. CSP+SH cattle had significantly higher (P = 0.01) quality grades with grades 
of Choice minus for CSP+SH and Standard even for CSP+A. 
DISCUSSION 
 Botanical composition of forage species (Appendix D) revealed that at the 
beginning of the fall grazing, paddocks were a mixture of warm and cool season 
perennial grasses Initial forage quality (Table 2-5) for the fall periods of this experiment 
were similar between treatments providing approximately 18.2% CP and 59.1% NDF for 
yr one. Fall forage quantity of yr one provided approximately 1,579 kg/ha of available  
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Table 2-5. Initial forage biomass and nutrient composition of forage based 
finishing systems with or without soybean hull supplementation (DM 
basis). 
 YEAR 1 YEAR 2 
Item CSP+Aa CSP+SHb CSP+Aa CSP+SHb
Available forage DM, kg/ha     
   Fall 1397 1761 2508 2672 
   Winter 563 922 369 2355 
   Spring 685 577 1062 1163 
CP, %     
   Fall 17.8 18.5 14.0 15.5 
   Winter 24.6 17.5 9.4 11.8 
   Spring 18.7 23.2 19.2 20.0 
NDF, %     
   Fall 59.4 58.8 65.9 64.1 
   Winter 37.2 48.8 64.4 64.7 
   Spring 55.2 51.6 68.2 68.1 
ADF, %     
   Fall 29.5 28.1 33.5 32.6 
   Winter 14.3 21.4 40.8 35.2 
   Spring 25.3 22.5 32.7 31.9 
TDN, %     
   Fall 65.6 66.7 62.4 63.2 
   Winter 77.6 72.0 56.7 61.1 
   Spring 68.9 71.1 63.1 63.7 
aCSP+A: Cattle finished on cool season perennial grass pastures and 
wintered on winter annuals.   
bCSP+SH: Cattle supplemented with 1.0% body weight (DM) soybean 
hulls while finished on cool season perennial grass pastures and 
wintered on stockpiled cool season grasses. 
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forage. Available forage was grazed and decreased in quantity in similar trends between 
treatments in both yr. Quality of yr two fall forage was lower than yr one with an average 
of 14.8% CP and 65.0% NDF, but provided an average of 2,590 kg/ha of available 
forage. This is 1011kg/ha of more available forage in yr two. The lower quality and 
greater quantity between yr is due to a more mature stand of forage available for yr two. 
Fall gains were enhanced by the addition of soybean hulls with 0.44 kg/d greater gains 
resulting in a 22.5 kg difference in BW for CSP+SH cattle entering the accumulated 
forage system (Table 2-3). The REA and BF measurements increased in the 
supplemented cattle, but CSP+A cattle had no increase in BF. This is indicative of less 
dietary energy available for deposition of adipose tissue, thus ultimately just above 
maintenance requirements with the CSP+A cattle. Both systems have REA/BW estimates 
of 0.15 cm2/kg, which indicates that the cattle are growing lean tissue in proportion to 
body weight growth. 
 The initiation of the winter grazing period had greater differences in available 
forage dry matter between systems. Challenging environmental conditions hampered the 
incorporation of annual forages for winter grazing for CSP+A. The summer and fall of yr 
one had extremely dry conditions, which allowed planting of annual grasses, but the low 
precipitation limited forage growth. In contrast, the fall of yr two had very wet 
conditions, which prevented seeding of annual forages until late November, nearly a 
month after later than desired, and prevented establishment of sufficient grazeable forage. 
The available winter forage composition was an average of 59.9% cool season annuals 
and 29.3% cool season perennial grasses for CSP+A, and CSP+SH paddocks averaged 
98% cool season perennial grasses. The CSP+SH accumulated winter forage was greater 
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than the CSP+A annual forages with 359 and 1986 kg/ha more forage in yr one and two, 
respectively (Table 2-5). Winter available forage DM for CSP+SH was 1433 kg/ha 
greater for yr two than yr one. During the winter period, grazeable forage became limited 
and hay feeding was initiated and continued for the remainder of the grazing season. Hay 
supplementation began in late November 2000 for all paddocks of CSP+SH and CSP+A. 
In yr two, hay supplementation was not needed until January 4, 2002 for CSP+SH due to 
sufficient stockpiled forage. CSP+A cattle were fed hay at the initiation of the winter 
period (December 6, 2001) due to extremely low annual forage production. Once hay 
supplementation began it was maintained throughout the winter period for both yr. 
Forage quality was very high for both systems at the onset of winter in yr one. 
CSP+A had annual forages averaging 24.6% CP and 37.2% NDF. CSP+SH had cool 
season accumulated forages with 17.5% CP and 48.8% NDF. Yr two, winter forage 
supply was a much poorer quality than yr one. Forage for CSP+SH was most likely more 
mature due to adequate rainfall before cold temperatures stimulated dormancy of the 
forage. The lack of annual forages for CSP+A coupled with remaining dead material 
contributed to poorer forage quality at the initiation of the winter period. The overall low 
available forage and rapid consumption resulted in the winter period being more 
consistent with a low quality hay feeding system. Winter hay feeding is often needed for 
producers in Tennessee dealing with adverse winter forage growing seasons. Hay quality 
was similar between yr (Table 2-6). Addition of soybean hulls resulted in a 260 kg/calf 
reduction in hay required for CSP+SH cattle in yr one (Table 2-7). During yr two, 
approximately 2,786 kg of hay was feed to CSP+A before CSP+SH hay feeding began.  
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Table 2-6. Mixed perennial grass hay quality fed to cattle during 
winter period of forage-based finishing systems (DM basis). 
Nutrient DM, % OM, % NDF, % ADF, % CP, % 
Year 1 89.72 91.48 67.66 37.80 9.72 





Table 2-7. Mixed perennial grass hay quantity fed to cattle during winter period 
of forage-based finishing systems (DM basis).  
YEAR TRT 
TOTAL 







1 CSP+Aa 10851 127 18 603 4.75 
1 CSP+SHb 8227 127 24 343 2.70 
2 CSP+Aa 14013 112 18 779 6.95 
2 CSP+SHb 7956 83 24 332 3.99 
Experiment Total, kg 41047     
aCSP+A: Cattle finished on cool season perennial grass pastures and wintered 
on winter annuals.   
bCSP+SH: Cattle supplemented with 1.0% body weight (DM) soybean hulls 
while finished on cool season perennial grass pastures and wintered on 




Once hay feeding began for CSP+SH, the addition of soybean hulls resulted in a 
reduction of 447 kg/calf less hay required for CSP+SH than CSP+A. 
Soybean hull supplementation increased gains over the winter period from 0.25 
kg/d for the CSP+A to 1.06 kg/d for CSP+SH. This resulted in CSP+SH cattle gaining 
127.5 kg over the average 120-d winter period. Averages for the two yr result in the 
CSP+SH cattle consuming 354 kg/calf less hay than the CSP+A. The CSP+SH cattle did 
consume 406.4 kg/calf of soybean hulls, but also gained 0.81 kg/d more through the 
winter period than the CSP+A cattle. CSP+SH cattle increased REA and BF to 63.77 cm2 
and 0.59 cm, respectively. Similar performance from cattle consuming hay supplemented 
with soybean hulls has been reported by Allison et al. (1995) who found that cattle 
consuming increasing levels of soybean hulls demonstrated reducing levels of hay intake, 
and Johns et al. (2002) who reported 78 d gains of 0.85 kg/d for cattle consuming a 
soybean hull + corn gluten feed mixture while fed hay. CSP+A had average daily gains 
of 0.25 kg/d resulting in 31.36 kg of growth for the winter period, but backfat was 
decreased to 0.11 cm. The lack of significant annual forage availability and the lower 
growth rates from feeding hay alone in this experiment were not sufficient to support 
growth rates reported with the CSP+SH cattle. No differences between systems in 
REA/BW demonstrate that CSP+SH cattle are maintaining lean tissue growth without 
overly depositing adipose tissue. Soybean hulls in this experiment did average 17.9% CP, 
which may have impacted the performance of cattle during the winter hay feeding. The 
low 9.4% CP content of hay may have been limiting rumen digestion and growth 
performance. McCollum (1997) states that intake of forages containing less than 
approximately 8 % CP will rapidly decline possibly attributed to a deficiency of protein 
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in the rumen. Improvements in gains over the winter are important for many operations, 
which face conditions exhibited in this experiment. The CSP+SH cattle maintained 
moderate growth rates during hay feeding over the winter period.  
 The spring grazing season began in late March each yr and provided the cattle 
with a continuous supply of fresh growing forage through the remainder of the 
experiment. Botanical composition of spring paddocks indicated that they were a 
minimum of 92.5% cool season perennial grasses. Available forage DM was different 
between yr with yr two having a greater biomass (631 kg/ha and 1,112 kg/ha in yr one 
and two, respectively) upon the initiation of the period, but the forage quantity was 
similar between treatments within a yr. The greater quantity and higher NDF values for 
yr two forage was at least in part due to forage growth remaining from the previous fall. 
Supplementation resulted in CSP+SH cattle maintaining a steady growth rate over the 
spring period by gaining an additional 123.0 kg at a rate of 1.0 kg/d, which was 0.42 kg/d 
faster than CSP+A. During the spring period these cattle increased REA by 13.9 cm2 and 
BF by 0.39 cm resulting in ultrasound measures of a 77.7 cm2 REA and 0.97 cm of BF at 
the end of the experiment. The high quality, fresh forage supply did support 0.58 kg/d of 
gain, which resulted in 74.3 kg of gain during the spring period. CSP+A cattle increased 
their REA 7.55 cm2 and BF 0.10 cm, resulting in final measurements of 52.07 cm2 and 
0.31 cm, respectively. The difference in REA/BW estimations indicted that CSP+SH 
cattle had reached the area in their growth curve they began depositing greater levels of 
adipose tissue in relation to lean tissue growth. 
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Over the experiment, CSP+SH cattle gained 290.1 kg at an average rate of 0.98 
kg/d resulting in a final BW of 595.3 kg. Without supplementation, CSP+A gained 119.2 
kg at an average rate of 0.40 kg/d, which resulted in live weights of 427.6 kg. 
Harvest data of the cattle resulted in hot carcass dressing percentages of 46.4% 
and 51.3% for CSP+A and CSP+SH, respectively. The higher dressing percentage for 
CSP+SH cattle may be indicative of their higher levels of adipose deposition and/or 
heavier live body weights. The harvest REA and BF measurements were similar except 
for the REA estimates for CSP+A cattle for which actual harvest measures were higher 
than the ultrasound estimates. The higher deposition of adipose tissue resulted in 
CSP+SH cattle averaging USDA low Choice with a numerical yield grade of 2.83, which 
is similar to many grain finished cattle. Approximately 83.3 % and 79.2 % of CSP+SH 
graded Choice or better for yr one and two, respectively. 
 The practical application of this research project depends upon the cost of gain 
provided by soybean hull supplementation. The average cost of soybean hulls for this 
experiment was $109.00/Mg (Mg = 1000 kg) and is summarized in Table 2-8. This data 
enables a producer to calculate the additional costs of gain that may be expected when 
supplementing with soybean hulls. The feed efficiencies are calculated based on the gains 
of CSP+SH over the gains of CSP+A. The addition of soybean hulls is an added cost 
above the costs incorporated with routine pasture management, which has a very large 
potential to vary depending on factors such as geography, climate, producer management 
practices, etc. This two-yr research project resulted in a yearly average cost of soybean 
hull supplementation at $0.73/kg of gain above the gain of CSP+A cattle consuming 
forages only. Costs were most economical in the winter were each additional kg of gain  
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Table 2-8. Seasonal CSP+SHb soybean hull feed efficiency and cost above 
CSP+Aa gains in forage-based finishing systems. 
Period kg SH/calf gain/feedc feed/gainc $/kg gaind $/calf $/CSP+SH
Fall 158.2 0.14 7.14 0.79 17.91 429.75 
Winter 406.4 0.24 4.17 0.46 44.07 1057.76 
Spring 574.8 0.09 11.11 1.22 59.91 1437.92 
Year 1139.4 0.15 6.67 0.73 123.18 2956.27 
aCSP+A: Cattle finished on cool season perennial grass pastures and wintered 
on winter annuals. 
bCSP+SH: Cattle supplemented with 1.0% body weight (DM) soybean hulls 
while finished on cool season perennial grass pastures and wintered on 
stockpiled cool season grasses. 
c Efficiencies are based on CSP+SH gain above CSP+A and do not account for 
change in forage quality or quantity. 
dCosts are based on average soybean hull price of $109.00/Mg. 
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cost $0.46. This reduction in cost is associated with preventing a loss in performance 
possible with forages only, and greatly improving gains as demonstrated with CSP+SH.  
IMPLICATIONS 
 The production of a quality finished beef product was accomplished by the 
supplementation of soybean hulls to a mixed perennial grass, grazing system. The results 
demonstrate that mixed perennial + winter annual systems do not effectively or reliably 
support sufficient growth to produce finished beef cattle on one yr supply of forage 
resources. Soybean hull supplementation allowed for consistent weight gain through 
diverse environmental and pasture conditions. Influences of growth promotants or feed 
additives were not evaluated or utilized in these systems. This experiment has 
demonstrated that cattle can be finished to traditional endpoints within forage/pasture-
based finishing systems. While these may not be practical for finishing large proportions 
of beef cattle, it does represent a simple, relatively low labor, forage/grass-based 
finishing system that has the potential to reliably produce finishing beef for niche market 
opportunities. The sale of beef cattle such as those produced in this experiment through 
niche markets offers the opportunity to increase the returns of Tennessee beef producers. 
 45
CHAPTER 3. 
EXPERIMENT 2. INFLUENCE OF SOYBEAN HULL SUPPLEMENTATION ON 
STEERS CONSUMING ENDOPHYTE INFECTED TALL FESCUE PASTURE 
 
ABSTRACT 
 Six angus steers (288.63 ± 2.10 kg) fitted with ruminal and duodenal cannulas 
were used in a crossover design. Treatments consisted of fresh cut endophyte infected 
(E+) tall fescue fed free choice (FES) or free choice fresh cut E+ tall fescue plus soybean 
hulls fed at 0.70% body weight (DM basis). The experiment consisted of two 21-d 
periods. Each period consisted of 15 d diet adaptation and six d of digesta sampling. 
Steers were dosed twice daily, starting on d 9, with chromic oxide as a particulate marker 
and pulsed dosed with cobalt EDTA on the last d as liquid flow marker. Collected 
samples included feedstuffs, orts, rumen fluid, rumen contents, duodenal digesta, and 
feces. Supplementation of soybean hulls decreased (P < 0.03) forage intake by 752 g/d, 
but increased total DMI by 1,091 g/d (P < 0.02). Apparent percentage and quantity of 
ruminal dry matter disappearance (47.8 %; 2,739 g/d) was not affected (P > 0.14) by 
supplementation. Percentage of total tract DM disappearance was not different, but 
quantities were 795g/d greater with supplementation. Apparent percentage of ruminal 
NDF disappearance, 65.6%, was not different (P > 0.50), but resulted in 469 g/d more 
NDF disappearing in the rumen with supplementation. Percentage of crude protein 
disappearance was not different (P > 0.06). An increase (P < 0.01) of 783 g/d CP flow to 
the duodenum occurred with supplementation. FES+SH also resulted in an increase (P < 
0.01) of 108 g/d in microbial crude protein flowing to the duodenum. Ruminal pH was 
not affected (6.5; P > 0.17) and ruminal ammonia nitrogen concentrations were decreased 
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(P < 0.03) from an average of 3.7 to 2.3 mM with soybean hull supplementation. Total 
VFA concentrations (103.9 mM) were unaffected (P <0.15). Rumen fluid dilution rate 
(12.6 %/h) and fluid flow rate (5.81 L/h) were not different between treatments (P > 
0.60). The results of this experiment show that at the rate of 0.70% BW soybean hull 
supplementation will decrease forage intake, but results in an increase in DMI. 
Percentages of rumen, intestinal, and total tract DM disappearances were not affected, but 
quantities of total tract DM, NDF, and CP disappearance increased with supplementation. 
Supplementation of fresh fescue diets with soybean hulls increases microbial protein flow 
to the duodenum and quantities of nutrients disappearing without affecting the proportion 
of nutrients digested. 
INTRODUCTION 
 The goals of supplementing cattle on pasture include increasing animal 
performance and utilization of forage, as well as, extending forage resources when forage 
quantity is low or by increasing stocking rates. Often, feeding high levels of starch based 
energy supplements have been shown to reduce forage intake and digestion (Goetsch et 
al., 1991; Galloway et al., 1993; Moore et al., 1995). Supplementation with high-fiber 
energy sources, such as soybean hulls, may not result in the negative effects on forage 
consumption and digestion possible with grain supplementation. The use of high-fiber 
energy sources could potentially increase ruminally available energy without greatly 
altering the rumen environment. By maintaining a ruminal environment suitable for 
cellulolytic microorganisms, utilization of forage nutrients is maintained. An additional 
advantage of increasing ruminally available energy is that, since several cool season 
forages are high in rumen degradable nitrogen, incorporation of ruminal ammonia N into 
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rumen microbial crude protein may be enhanced. The objective of this experiment was to 
determine the influence of supplemental high-fiber energy feedstuffs on fresh forage 
intake, ruminal fermentation, site and extent of nutrient disappearance and microbial 
efficiency of beef steers consuming E+ tall fescue pasture. 
MATERIALS AND METHODS 
Animal management 
 
 Six Angus and Angus x Hereford steers (288.63 ± 2.10 kg) were selected from a 
herd of calves (approximately 370 d of age) available from the Knoxville Experiment 
Station: Blount Beef Unit, Alcoa, TN. The steers were chosen based on the criteria of 
temperament, health, and structural correctness. In January 2002 all steers were halter 
broken and acclimated to extensive human contact. The group of experimental animals 
was grazed on mix perennial grass paddocks and hay prior to selection and during the 
acclimation period. Upon completion of acclimation, steers were moved to the Johnson 
Animal Research and Teaching Unit (JARTU) in Knoxville, TN in mid February 2002. 
The animals were housed in individual pens (2.5 x 5.0 m) within an enclosed, 
environmentally controlled room (23°C) with 16 h of light and 8 h of dark. 
 The steers had continuous access to fresh water and free choice trace mineralized 
salt (18.3% Ca, 12.0% P, 18.3% salt, 0.55% K, 1.25% Mg, 4,500 ppm Mn, 1,400 ppm 
Cu, 5,000 ppm Zn, 30 ppm Co, 50 ppm I, 30 ppm Se, 440 IU/kg vitamin E, 132,000 
IU/kg vitamin D-3 and 528,000 IU/kg vitamin A). Dehydrated alfalfa cubes (88.0% DM, 
30.0% crude fiber, 15.0% CP, and 1.5% crude fat; Ontario Dehy Inc. Ontario, Canada) 
were feed at 1.7 % BW (DM basis) and split between two equal feedings at 0800 and 
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1630. Pens were thoroughly cleansed with water prior to the AM feeding and rid of fecal 
material prior to the PM feeding. 
On March 5 and 6, 2002, preceded by a 48-h fast and 24-h water deprivation, the 
steers were fistulated (as described previously) and fitted with a flexible rumen cannula 
(4C; Bar Diamond Inc., Parma, ID). Daily rectal temperatures and twice-daily antibiotic 
(Penicillin G, 2.2 mL/100kg BW) treatments followed surgeries for five and three d, 
respectively. Approximately 10 d later, steers had rumen fistula stitches removed and 4C 
cannulas were replaced with 3C cannulas to ensure a good fit. Rumen fistulas were given 
16 d to allow for complete healing. On April 1 – 3, 2002, steers were fitted with double-L 
duodenal cannulas (Streeter et al., 1991; 10 cm distal to the pylorus), which was preceded 
by a 48-h fast and 24-h water deprivation. All at surgeries occurred at the Johnson 
Animal Research and Teaching Unit (JARTU) large animal surgery suite. Following 
surgery, steers were observed for diet intake, fecal output and blood discharge, rectal 
temperature, and were given daily anti-inflammatory medications (Banamine, Schering-
Plough, 4.4mL/100kg BW) and antibiotics (Naxcel, Pharmacia and Upjohn, 
4.4mL/100kg BW) for five and four d, respectively. Stitches were removed 10 d post-
surgery and incisions were observed for signs of infection or inflammation and treated 
with antibiotics as deemed necessary. During surgical recovery periods the steers were 
maintained on dehydrated alfalfa cubes until experimental diets were initiated. 
Forage harvest and management 
 
 The spring growth of fresh forage was harvested daily from grass seed plots 
available from the Knoxville Experiment Station: Plant Sciences Unit, Knoxville, TN. 
The plots consisted of 0.72 ha of Kentucky 31 endophyte infected tall fescue seeded in 
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1999 and 0.44 ha of Kentucky 31 endophyte infected tall fescue seeded in 1990. Each 
previous yr, plots were allowed to reach the full seed stage and harvested for seed. 
Beginning in April 2002, plots were harvested for feeding of fresh clipped fescue. The 
forage was harvested at approximately 1300 each d with the use of a Gravely two-
wheeled tractor with a 0.91 m sickle bar mower head (Arians Co., Brillion, WI, 1954). 
The forage was cut approximately 7.62 to 10.16 cm from the surface of the ground to 
avoid collection of extreme quantities of dead forage material. Forage was then hand 
raked into windrows and placed into plastic barrels for transportation back to animal 
facilities. The forage was weighed into two portions per steer for the present d 1900 and 
the next d 0700 forage rations and stored in pre-labeled plastic bags. All forage was 
stored loosely packed to allow adequate air circulation and thorough cooling in a dark 
walk-in cooler (3.3°C) to ensure freshness of forage supply. On d of inclement weather, 
extra forage (weight basis) was harvested in attempt to compensate for water saturation 
from precipitation. Fed forage weights were also adjusted up approximately 1 kg for 
additional moisture from rainfall. 
 The experiment was conduced from April 12, 2002 until May 23, 2002. This 42-d 
period encompasses a large time frame of spring forage maturation. The forage supply 
was managed by harvesting the most mature stands first to prevent over maturation. Once 
an area had been harvested it was not harvested again to prevent harvesting of higher 
quality regrowth. Areas of future harvest were managed to remain in the vegetative state 
of 25.4 cm, in attempt to prevent seed head production. 
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Experimental periods and sampling procedures 
 
 The experiment consisted of two 21-d periods with 7 d of diet adaptation and 14 d 
of sampling (Table 3-1). The steers were paired by weight. The pair was split and steers 
were randomly assigned to one of two treatments. Treatments were free choice, fresh 
clipped endophyte infected tall fescue (FES) or free choice, fresh clipped endophyte 
infected tall fescue plus pelleted soybean hull supplementation at 0.70 % BW (DM basis; 
FES+SH). Three steers were assigned to each treatment arranged in a crossover design. 
Days 1-8 steers were housed in individual pens. Days 9-21 steers were housed in 
individual metabolism stalls to allow for total fecal collections. Supplementation amounts 
were based on weights taken at the beginning of each period. Spring growth of tall fescue 
was harvested to provide steers with 105  % of their previous d DMI. Supplement was 
fed at 0700 with approximately 55 % of the daily forage. Additional forage was stored in 
a cooler and fed at 1900 to maintain a fresh forage supply. Periods were 21 d with 15 d of 
diet adaptation and dosing with six d of sample collection. Pens and metabolism areas 
were thoroughly cleaned prior to forage replenishment to ensure clean facilities and 
accurate intake measurements. 
 On d seven, two steers from each treatment were randomly selected for validation 
of release rates of n-alkane boluses used in the spring intake estimates of the previous 
experiment and described in Appendix B. The steers were dosed via rumen cannulas with 
an intra-ruminal controlled release device (MCM Alkane, Captec Ltd, Auckland, New 
Zealand) that contained n-alkanes: n-Dotriacontane (C32) and n-Hexatriacontane (C36), 
and was designed for 300-650 kg cattle. Feed and fecal samples are to be analyzed for n- 
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Table 3-1. Experimental period procedure descriptions 
for metabolism trial on the effects of soybean hull 
supplementation to steers grazing tall fescue. 
Day Procedure 
1 thru 7 Diet adaptation 
1 thru 8 Housed in pens 
9 thru 21 Housed in metabolism stalls 
7 N-alkane dosing 
9 thru 20 Chromic oxide dosing 
12 thru 18 Forage, SH, orts 
 15 thru 20 Duodenal Digesta 
15 thru 20 Total fecal 
19 Co-EDTA dosing 
19 thru 20 Rumen fluid (24 h) 
21 Rumen contents 
21 Rumen bacteria 
 
 
alkane concentrations. On d nine to twenty, gelatin capsules containing nine grams of 
chromic oxide were intra-ruminally dosed at the 0700 and 1900 feedings. Chromic oxide  
was utilized as an indigestible marker of duodenal digesta flow. Samples of SH (0.11 
kg/d), fresh forage (0.454 kg/d), and orts (feed refusals) were collected on d 12 – 18. Orts 
were composited within d and period by taking 10.0% (as-fed basis) of each steer’s orts 
from 0700 and 1900 feedings. Feed samples were frozen (-20° C) for storage until dried 
at 55° C in a forced air oven. Approximately 200 g of duodenal digesta was collected on 
d 15 – 20 four times per d at six-h intervals. On d 15 duodenal samples occurred at 0800, 
1400, 2000, and 0200. The times shifted one h each d (e.g. d 16: 0900, 1500, 2100, and 
0300) to account for flow over a 24-h period. Approximately 100 g subsamples (wet 
weight) of each collection were manually mixed and composited within steer and period 
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into a pre-labeled (~ 1L) aluminum pan and stored at (-20° C) until lyophilized. Fecal 
samples were collected on d 15 – 20. Total fecal output was collected once daily, 
weighed, and manually mixed before a 2.5% subsample (wet weight) was obtained for 
analysis. One percent of total fecal output was taken from the subsample and composited 
by steer within period, weighed, lyophilized, and reweighed to determine dry matter 
(DM). Forage, SH, orts, duodenal, and fecal samples were ground to pass a 1-mm screen 
in a No.3 Wiley Mill (Arthur H. Thomas Company, Philadelphia, PA). 
On d 19, steers were intra-ruminally pulse dosed with five g of cobalt 
ethylenediamine tetraacetic acid (Co-EDTA) in a 150-ml aqueous solution (Uden et al., 
1980) as marker for liquid passage kinetics before 0700 SH and forage replenishment. 
Co-EDTA was poured through a stainless steel funnel and Tygon tubing into the 
rumen. Rumen fluid samples (approximately 100 mL) were collected using a suction 
strainer device (Raun and Burroughs, 1962). Collections occurred prior to dosing and at 
3, 6, 9, 12, and 24 h post-dosing. Immediately after each collection ruminal fluid pH was 
measured for each steer (Accumet Basic AB15 pH Meter, Fisher Scientific). 
Approximately 30 mL of rumen fluid sample was stored (- 20° C) in 50 mL conical 
bottom culture tubes for analysis of Co concentration. Five milliliters were then pipetted 
from the 30 mL sample and stored (-20° C) until they were thawed for analysis. Rumen 
fluid samples were prepared by thawing, centrifuging (15,000 x g, 10 min at 4° C) and 
collecting supernatant for cobalt analysis by atomic absorption using an air/acetylene 
flame (Unicam 969 AA Spectrometer; TJA Unicam, Cambridge, United Kingdom) and 
volatile fatty acids (VFA; Bock et al., 1991) analysis. The 5 mL samples were thawed on 
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ice, centrifuged (15,000 x g, 10 min at 4° C). One ml of supernatant was acidified with 
0.2 mL of 25% (wt/vol) meta-phosphoric acid, centrifuged for 15 min in a micro 
centrifuge, and analyzed for ammonia nitrogen (NH3-N) as described by Broderick and 
Kang (1980). Centrifugation removes material and debris from fluid samples to ensure 
accurate analysis.  
 Manual evacuation of the rumen contents from each steer (Lesperance et al., 
1960) occurred four h after 0700 feeding was conducted on d 21 to determine treatment 
effects on rumen contents. After evacuation, total rumen contents were weighed, mixed 
thoroughly by hand, and sub-sampled in triplicate (~ 400 g). Rumen content samples 
were weighed, dried in a forced air oven (55° C), re-weighed for DM determination, and 
composited within steer by period. Composited samples were ground to pass a 1-mm 
screen in a Wiley Mill and stored for later analysis.  
 Corresponding with rumen dry matter sampling, a 2-kg sample of total rumen 
contents was collected into a plastic bucket and mixed with 2 L of ice-cold (4° C) 0.9% 
(wt/vol) NaCl. The addition of cold NaCl causes microbial activity to cease with minimal 
cellular lysis. Remaining rumen contents were returned to the respective steers. The 
mixture was stored frozen (-20° C) until further processing. Samples were later thawed, 
mixed by hand, and homogenized in a Waring blender (Waring Products, New Hartford, 
CT) at high speed for 1 minute and strained through four layers of cheesecloth to remove 
large feed particles. The liquid fraction was centrifuged (800 x g; 10 min) in 250-mL 
centrifuge bottles to separate protozoa and feed particles from bacteria. Supernatant was 
decanted into 250-mL centrifuge bottles and bacteria pelleted by centrifuging (16,000 x 
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g; 15 min, 4° C). The supernatant was decanted and discarded leaving only the bacterial 
pellet. The bacteria pellet was resuspended with 100 ml cold (4° C) 0.9% (wt/vol) NaCl 
and centrifuged (16,000 x g; 15 min, 4° C). Through this process, bottles of bacteria from 
a steer were combined into a single sample. This resulted in each initial bacteria sample 
receiving at least three rinses. Bacteria were then frozen (-20° C), lyophilized, ground 
with a mortar and pestle, and stored in airtight jars until analysis. 
Sample analysis 
 
 Samples of ground forage and SH were composited by period and orts were 
composited as described above. Forage, SH, orts, duodenal digesta, and feces were 
analyzed for DM and OM (AOAC, 1990), N (Leco FP-2000, Leco Corporation, St. 
Joseph, MI), NDF and ADF (Ankom 200 Fiber Analyzer, Ankom Co., Fairport, NY). 
Bacteria were analyzed for N. According to the methods described by Williams et al. 
(1962), duodenal and fecal samples were prepared for chromium analysis using atomic 
absorption spectroscopy (nitrous oxide/acetylene flame). Chromium concentrations of 
samples were used with corresponding nutrient concentrations to determine flow of 
nutrients throughout the gastrointestinal tract (Merchen, 1988). Purine content of ruminal 
bacteria and duodenal digesta were determined according to Zinn and Owens (1986) with 
modifications from Obispo and Dehority (1999). Flow of bacterial nitrogen flowing at the 
duodenum was estimated by dividing the average bacterial nitrogen:purine ratio of 
harvested bacteria by the nitrogen:purine ratio of the duodenal digesta and multiplying 
the quotient by the total nitrogen flow at the duodenum. Crude protein (CP) was 




 The data was analyzed as a Crossover design utilizing the MIXED procedure of 
SAS (SAS Inst. Inc., Cary, NC). The model included steer, period, and treatment. The 
response variables of interest involved: 1) forage, DM, NDF, and CP intake, 2) ruminal, 
intestinal, and total tract digestibilities of DM, OM, NDF, ADF, and CP, 3) ruminal NH3-
N and VFA concentrations, 4) microbial efficiency and microbial CP production, 5) n-
alkane (C32 and C36) release rates, and 6) rumen fluid dilution rate, rumen fluid volume, 
rumen particulate volume. Rumen fluid pH, NH3-N, and VFA concentrations measured 
over a 24-h period were analyzed as a Crossover design with repeated measures over 
time. Repeated analysis of individual and total VFA concentrations and pH did not result 
in treatment x time interactions (P > 0.10). These measures were averaged across time 
and analyzed as above. 
RESULTS 
 Soybean hull supplementation reduced (P = 0.03; Table 3-2) daily forage intake 
in FES+SH cattle by 751 g/d (5,204 and 4,453 g/d for FES and FES+SH, respectively). 
However, SH supplementation increased (P = 0.01) total DMI by 1,091 g/d. Percentage 
and quantity of apparent ruminal and intestinal dry matter disappearance (DMD) were not 
different between treatments (P > 0.05). Percent apparent total tract DMD was not 
different (P = 0.14), although FES+SH had 795 g/d more (P = 0.01) DM disappearing 
from the total tract.  
Neutral detergent fiber intake was greater (P = 0.01) for FES+SH (Table 3-3). 
Percent apparent ruminal NDF disappearance (NDFD) was not different (P = 0.57), but 
FES+SH digested 469 g/d more (P = 0.01) NDF in the rumen. There were no differences  
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Table 3-2. Apparent dry matter disappearance in steers fed fresh clipped 
Kentucky 31 E+ tall fescue with or without soybean hulls. 
  Treatmenta   
Item FES FES+SH SEM P value
Forage DM intake, g/d 5,204 4,453 160 0.03
Forage DM intake, % BW 1.8 1.6 0.05 0.04
Diet DM intake, g/d 5,204 6,296 179 0.01
Diet DM intake, % BW 1.8 2.2 0.05 0.01
Intestinal flow, g/d 2,648 3,373 157 0.03
Fecal flow, g/d 1,586 1,883 49 0.01
Disappearance, g/d  
  Ruminal 2,557 2,922 142 0.14
  Intestinal 1,061 1,491 131 0.08
  Total tract 3,618 4,413 130 0.01
Disappearanceb, %  
  Ruminal 49.1 46.4 2.0 0.40
  Intestinal 38.7 43.4 2.2 0.20
  Total tract 69.5 70.1 0.2 0.14
a FES: free choice fresh tall fescue without supplement; FES+SH: free choice fresh tall 
fescue + 0.70%BW (DM) soybean hulls. 




Table 3-3. Apparent neutral detergent fiber disappearance in steers fed 
fresh clipped Kentucky 31 E+ tall fescue with or without soybean hulls. 
  Treatmenta   
Item FES FES+SH SEM P value 
Diet NDF intake, g/d 3,201 3,980 114 0.01
Intestinal flow, g/d 1,086 1,396 87 0.07
Fecal flow, g/d 936 1,117 35 0.02
Disappearance, g/d 
  Ruminal 2,115 2,584 48 0.01
  Intestinal 151 279 54 0.17
  Total tract 2,266 2,863 80 0.01
Disappearanceb, % 
  Ruminal 66.2 65.0 1.3 0.57
  Intestinal 13.3 18.8 2.6 0.20
  Total tract 70.8 72.0 0.2 0.02
a FES: free choice fresh tall fescue without supplement; FES+SH: free choice fresh tall 
fescue + 0.70%BW (DM) soybean hulls. 
b Disappearance as percent of flow to that segment. 
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(P > 0.15) in apparent intestinal percentage or quantities of NDFD. Both percent and 
quantity of total tract NDFD was greater for FES+SH (P < 0.03).  
Crude protein intake (CPI) was 107 g/d greater (P = 0.03; Table 3-4) with 
supplementation. The decrease in apparent ruminal crude protein disappearance (CPD) 
due to supplementation tended to be significant (P = 0.06). Percentages of apparent 
intestinal CPD were similar (P = 0.09) between treatments, but FES+SH had 172 g/d 
greater (P = 0.02) intestinal CPD. Apparent total tract CPD was not different (P = 0.89), 
but a greater (P = 0.04) quantity of CP was digested per d with supplementation. The 
addition of SH resulted in a significant increase (P = 0.01) of 213 g/d of CP flowing to 
the duodenum. The percentage of duodenal CP flow existing as microbial CP was not 
different (P = 0.22), but FES+SH had 107 g/d more microbial CP flowing to the 
duodenum (P = 0.03).  
 The pH and total VFA concentrations of the rumen fluid were not different (P > 
0.11) between treatments or within h x treatment interactions (P > 0.05). Rumen 
ammonia nitrogen (NH3-N) concentrations were reduced with SH supplementation (P < 
0.01), there were also significant h and h x treatment interactions (P < 0.01). No 
differences (P > 0.40) were found between treatments for ruminal fluid dilution rate, 
rumen fluid volume, rumen turnover time, fluid flow rate, or percent chromium 
recoveries. Data is summarized in Table 3.5. 
DISCUSSION 
 Forage maintained similar quality throughout the experiment, except the CP 
concentration of forage in period two was 2.7 % lower. Pelleted SH were obtained from a 
single batch and nutrient composition did not change over the experiment (Table 3-6).  
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Table 3-4. Apparent crude protein disappearance and microbial crude protein 
flow in steers fed fresh clipped Kentucky 31 E+ tall fescue grass with or 
without soybean hulls.  
  Treatmenta   
Item FES FES+SH SEM P value 
Diet CP intake, g/d 806 913 24 0.03
Intestinal flow, g/d 569 782 32 0.01
Intestinal microbial CP flow, g/d 362 469 22 0.03
Intestinal microbial CP flow, % 64.4 59.7 2.3 0.22
   of intestinal flow 
Fecal flow, g/d 265 306 8 0.03
Disappearance, g/d 
  Ruminal 237 131 36 0.10
  Intestinal 304 476 33 0.02
  Total tract 541 607 16 0.04
Disappearanceb, % 
  Ruminal 27.7 13.4 4.0 0.06
  Intestinal 54.4 60.7 2.0 0.09
  Total tract 66.7 66.7 0.4 0.89
a FES: free choice fresh tall fescue without supplement; FES+SH: free choice fresh tall fescue 
+ 0.70%BW (DM) soybean hulls. 




Table 3-5. Ruminal VFA and fluid passage rates of steers fed fresh clipped  
      Kentucky 31 E+ tall fescue grass with or without soybean hulls.   
 Treatmenta   
Item FES FES+SH SEM P value 
Total VFA, mM 98.4 109.5 3.86 0.11
  Acetate, mM 65.2 73.7 2.56 0.08
  Propionate, mM 19.2 20.9 1.12 0.33
  Butyrate, mM 9.9 11.0 0.43 0.13
Acetate:propionate, mM 3.40 3.52 2.28 0.07
Ruminal pH 6.53 6.42 0.05 0.12
Ruminal fluid dilution rate, %/h 12.30 13.00 1.01 0.65
Rumen fluid volume, L 48.60 45.23 2.80 0.44
Turnover time, h 8.60 7.85 0.64 0.46
Fluid flow rate, L/h 5.86 5.76 0.27 0.81
Chromium recovery, %  89.28 91.70 0.02 0.50
a FES: free choice fresh tall fescue without supplement; FES+SH: free choice fresh tall fescue + 





Table 3-6. Diet nutrient composition of fresh 







55 º C DM, % 30.17 30.94 84.9 
OM, % 91.4 91.1 95.2 
NDF, % 60.4 63.6 67.8 
ADF, % 30.8 32.1 47.5 
CP, % 17.2 14.5 11.8 
a Period 1 dates: April 12, 2002 – May 2, 
2003. 
b Period dates: May 3, 2002 – May 23, 2003. 
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The decrease in forage intake in this study agrees with observed trends in spring forage 
consumption that occurred between treatments in Experiment 1. Addition of SH at 0.70% 
BW decreases the intake of fresh forage, but the diet resulted in greater quantities of 
apparent total tract nutrient disappearance. With an average of 32.9 g/d SH fed, an 
increase of total DMI by 1,091 g/d due to supplementation results in a greater quantity of 
dietary nutrients for potential digestion and metabolism than with the forage diet alone. 
The decrease in forage intake and increase in total DMI agrees with work conducted by 
Fieser and Vanzant (2002). The calves of our experiment fed fresh forage were capable 
of consuming only 1.79% BW (DM) of forage, but the addition of SH increased the daily 
diet intake to 2.21% BW (DM). A reduction in forage intake of cattle consuming 
endophyte-infected tall fescue may occur. This is a sign of tall fescue toxicosis, which 
Hill et al. (1994) found to be caused by the ingestion of ergot alkaloids and their effects 
on cattle. High environmental temperatures have been found to exacerbate these effects 
to cause a reduction in intake (Hemken et al., 1981). This may not be the case with our 
experiment since the steers were acclimated and housed in environmental controlled 
rooms. The lack of differences in percent DMD and NDFD demonstrate that SH did not 
adversely affect forage digestion. The increase in DMI due to SH explains the increases 
in daily intake of CP and NDF for the FES+SH treatment. The increase in apparent 
ruminal CPD for the FES cattle may likely be due to a combination of less dietary CP 
intake, along with high rates of rumen protein degradability of cool season grasses 
(Nelson, 1995), and the higher rumen ammonia N concentrations signifying less retention 
of nitrogen sources as microbial mass allowing for a greater quantity of nitrogen to be 
lost to non-protein nitrogen sources via rumen absorption. The increases in grams of CP 
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disappearance per d in the intestines and total tract of FES+SH indicate that the protein 
flow had a greater quantity of CP for enzymatic action and metabolism.  
 The production of microbial CP was enhanced by the addition of SH to the diet. 
The greater flow of duodenal crude protein was due to an increase in duodenal flow of 
non-microbial CP (207 and 313 g/d for FES and FES+SH, respectively) as well as a 108 
g/d increase in bacterial CP flow. As a percent of duodenal CP flow, the portion 
consisting of bacteria was not different between treatments. This led to 66 g/d more total 
tract apparent CP disappearance thus, more amino acids and peptides available for animal 
metabolism and potential increased production. No differences in chromium recoveries 
support that disappearance and nutrient flow data was equally represented between 
treatments. Microbial efficiency was improved with SH supplementation from 0.14 for 
FES to 0.16 g of microbial crude protein produced/g of rumen DM digested.  
 Soybean hull supplementation did not change ruminal pH. The rumen pH was 
maintained within the level that was suitable to support cellulolytic microbial activity, pH 
6.0 – 6.7 (Owens and Goetsch, 1988). These results are similar to those of Fieser and 
Vanzant (2002), whom supplemented SH to varying qualities of fescue hay, and by 
Vanzant et al. (2002) whom supplemented highly digestible oat fiber to steers grazing 
stockpiled and summer tall fescue. The reduction in rumen ammonia N concentrations 
along with greater quantities of apparent ruminal NDF disappearance and greater 
microbial CP flows at the duodenum with the FES+SH treatment indicates that more 
ammonia N may have been taken up by incorporation into microbial CP. The increased 
microbial protein flow as a result of greater ruminally available energy:nitrogen can be 
demonstrated by Fieser and Vanzant (2002), whom show that an increase in rumen 
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ammonia concentrations may represent lower ruminally available energy:nitrogen ratios, 
and this decrease in ruminally available energy would limit microbial growth and uptake 
of ammonia by the microbes. The ammonia nitrogen concentrations peaked in both 
treatments 3 h post feeding (Figure 3-1) and then returned to lower than original levels. 
Experiments by Martin and Hibberd (1990) found that by feeding SH to low quality grass 
hay diets rumen ammonia concentration (~ 6.75 mg/dl) peaked two h post-feeding and 
they returned to lower levels after six h post-feeding, and Grigsby et al. (1992) found that 
supplementing SH to low quality bromegrass hay diets had rumen ammonia 
concentrations peak at ~ 2 h post-feeding (~17.0 mg/dL) and then returned to lower levels 
after six h post-feeding. These experiments had higher ammonia values, but the trends in 
ammonia production agree with our research. 
Total VFA concentration not being affected by supplementation helps to further 
explain that SH did not alter the fermentation characteristics from that of an all forage 
diet. The molar ratios of 70:20:10 are similar to the ratios of 65:25:10 
(acetate:propionate:butyrate) reported by Owens and Goetsch (1988) for an all roughage 
diet. 
The lack of differences in rumen turnover rate, rumen fluid dilution rate, and fluid 
flow rate increase the difficulty in explaining the reductions in forage intake with SH 
supplementation. Addition of SH did not affect ruminal liquid flow rates, which is 
generally a strong factor in controlling intake. Fluid flow rates (L/h) are at similar levels 
to those reported by Galloway et al. (1993) when SH was added to orchardgrass hay 

























Figure 3-1. Ruminal ammonia concentrations of beef steers fed fresh Kentucky 31 E+ tall 
fescue (FES) and fescue supplemented with soybean hulls (FES+SH). 
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reduction in intake. Forage nutrients were partially “substituted” with nutrients from 
pelleted SH, which may have helped to increase the overall nutrient intake.  
IMPLICATIONS 
 The addition of SH to fresh forage diets decreased forage intake, but increased 
DM, NDF, and CP intake. Apparent total tract disappearance of these nutrients, as a 
percent of intake was not reduced, but the quantities were increased by the 
supplementation of SH. Supplementation did not adversely affect the rumen pH, it 
decreased ruminal ammonia N, and increased microbial protein flowing to the intestine. 
The decrease in ruminal ammonia N concentrations coupled with the increase in 
microbial protein production indicates the addition of SH may help to capture more 
ruminal N for meeting ruminant protein requirements. This also reduces quantities of 
ammonia N loss through urinary excretion and increases N retention into marketable 
products. Soybean hull supplementation provides an opportunity to increase the total 
nutrient intake of cattle grazing tall fescue pastures without major decreases in forage 
consumption or digestibility. 
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CHAPTER 4 
SUMMARY OF THESIS RESEARCH 
 
 The results presented in both experiments will aid in the understanding of the 
effects that SH supplementation has on grazed forage. Most previous experiments have 
utilized various hays or only short periods of grazing to determine the effects of 
supplementation. This research was unique because it involved forages in pasture 
conditions, not hay as conducted in many experiments. In the first experiment, the data 
demonstrated that by supplementing soybean hull at 1.0% BW to yr round grazing 
conditions resulted in increased gains and carcass characteristics. The two yr of the 
grazing trial presented diverse environmental conditions, which have a direct impact on 
pasture operations, but soybean hull supplementation reduced the variation by producing 
similar performance and endpoints for both yr. The production of forage finished beef 
will have marketing difficulties, but the goal of this research was to establish a 
supplementation strategy that would produce quality carcasses and gains to allow the 
cattle to be sold as potential niche market opportunities. That goal was completed. 
Experiment two was conducted to determine the effectiveness of supplementing a highly 
soluble fiber, high-energy feedstuff on forage nutrient digestion and utilization. The data 
demonstrated that soybean hulls at 0.70% BW decreases forage intake, but does not 
negatively alter digestion. The supplementation resulted in an increase in nutrients 
digested and an increase in quantity of microbial protein flow available for intestinal 
digestion. Rumen environmental conditions were not changed from that of all forage 
diets, which indicates that SH could be safely fed to cattle without adversely affecting 
forage digestion. The results of this thesis have shown that SH are an ideal supplemental 
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energy source to increase grazing animal performance while improving digestion and 
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APPENDIX A.  
SPRING DIET INTAKE ESTIMATIONS 
 
Introduction 
The evaluation of diet intake in free roaming and grazing cattle exists as a major 
challenge to scientists, nutritionists, and producers. Quantitative measures are available 
and used widely to estimate forage quantity and quality in a grazing scenario. But, the 
ultimate challenge lies in the dynamics of a grazing environment. The relationship 
between forage growth and quality and the consumption and selection by grazing 
herbivores represents a dynamic system. Forage growth and quality are at the ultimate 
fate of environmental inflection, yet producers have learned through time and technology 
to apply agronomic principles to ensure and support grazeable forage. Control of forage 
production for grazing cattle only represents half of the control over the system. The 
variety of forage selection, grazing habits, animal to animal variation, and efficiency of 
forage nutrient use and intake by the cattle poses the challenge for the other half of a 
grazing system.  
Determination of intake of grazed forages is very difficult, labor intensive, and still a 
quite uncertain science. Estimations using factors such as highly and lowly soluble fiber 
and protein concentrations of forages along with live and metabolic body weight, 
physiological status, and age of the animal comprise the traditional methods for intake 
and digestibility determinations. The use of an indigestible, non-endogenous marker not 
found in the diet is an area of technology to pursue.  
Two markers of interest in this experiment are chromic oxide (Cr2O3) and even 
numbered, saturated long chain n-alkanes (28 – 36 carbons). The use of chromium as a 
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marker for total diet, a dietary ingredient, or particulate flow has been utilized as Cr2O3, 
chromium disodium ethylenediamine-tetracetate (EDTA), chromium sequioxide, or 
chromium controlled release capsules (CRC) and has been supported through many 
experiments (Bodine et al., 2001; Bohnert et al., 2000; Branco et al., 1999; Grigsby et al., 
1992; Highfill et al., 1987; Rinne et al., 1997; Stensig and Robinson, 1997; Waller et al., 
1980). The use of n-alkanes has been studied for evaluating forage intake in grazing 
ruminants. The n-alkanes are generally administered via an intra-ruminal controlled 
release capsule (IRCRC) and recovery determined from analyzed fecal samples. 
Descriptions of methodology, use, and analysis have been evaluated by many recent 
experiments (Berry et al., 2000; Dove et al., 2002; Dove and Mayes, 1996; Dove and 
Mayes, 1991; Duncan et al., 1999; Hameleers and Mayes, 1998; Malossini et al., 1994; 
Mayes et al., 1986; Vulich and Hanrahan, 1995; Vulch et al., 1995; and Vulich et al., 
1991).     
Materials and Methods 
Total diet intake estimations were attempted using 14 randomly chosen calves 
from each grazing yr. One steer and heifer were selected from each replication of each 
system to represent the herd. The experimental herd grazed the spring growth of cool 
season perennial grasses for approximately 28 d prior to diet intake sample collections. 
Chromic oxide, as a SH supplement marker, and n-alkanes, as a forage marker, was used 
to estimate diet intake in the grazing calves.  
The n-alkanes were dosed in an IRCRC (CRC, type MCM, Captec Ltd, Auckland, 
New Zealand) that was designed for 300-650 kg cattle. The IRCRC contained the n-
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alkanes n-Dotriacontane (C32) and n-Hexatriacontane (C36). They were dosed 8-10 d 
before sampling to allow for equilibration in the gastro-intestinal tract. 
Cr2O3 was mixed with or pelleted into the SH at rate of 0.25% Cr of the total diet 
at an estimated 2.5% DMI. The treated SH were fed 7 d before sampling to allow for 
equilibration as with n-alkanes. Year one consisted of mixing the Cr2O3 with 40.0% of 
the daily SH ration. This resulted in hand mixing the 40/60 mixtures of Cr2O3 SH and 
plain SH daily prior to feeding. Year two Cr2O3 SH were pelleted at the feed mill 
available at the Johnson Animal and Research Teaching Unit (JARTU), Knoxville, TN. 
The ration was estimated for the 7-d equilibration period and for the duration of the 
sampling period. The Cr2O3 was mixed into a premix at 0.25% of the total diet as with yr 
one. The premix was then added to the bulk of unpelleted SH during the pelleting 
process.  
The sample routine consisted of 0730 and 1530 fecal grab samples for a five-d 
period from all 14 randomly selected calves. Fecal sampling lasted from April 26 until 
April 30 for both grazing yr. A corresponding three-d, AM and PM rotation of masticated 
forage rumen samples using the six fistulated steers fitted with rumen cannulas was 
conducted to evaluate diet quality and forage n-alkane concentrations. The fecal grab 
samples were collected by manual rectal stimulation and stored in pre-labeled plastic 
bags. The samples were placed on ice until storage in a freezer (-200C) was available. 
Fecal grab samples were removed from storage, thawed, and composited within 
an animal by equal weight of each sample. The samples were homogenized, froze, and 
then lyophilized according to methods described for experiment one masticated forage 
rumen samples. The dried sample was then ground with a No. 3 Wiley Mill to pass a 1-
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mm screen, then analyzed for DM, OM, NDF, ADF, and N percentages, and Cr and n-
alkane concentrations.  N-alkanes are analyzed through a saponification and an extraction 
process followed by analysis with a gas chromatograph. Cr concentration of treated SH 
and feces was analyzed using atomic absorption with an acetylene flame. The n-alkane 
and Cr concentrations were used to calculate total diet intake, fecal output, and SH and 
forage intake. 
Masticated forage rumen samples were collected, stored, prepared, and analyzed 
as described by the materials and methods of experiment one. These samples were also 
analyzed for n-alkanes to determine the concentration of odd numbered long chain n-
alkanes. This data would provide answers to diet quality and intake of free roaming, 
grazing beef cattle.  
 88
APPENDIX B.  
EXPERIMENT 1: FORAGE QUALITY AND QUANTITY 
Table B-1. Experiment 1: Year 1 Fall 2000 forage quality and quantity (DM basis). 
  Trt CSP+A CSP+SH 
  Rep 1 2 3 1 2 3 4 
Paddock # 1 2 12** 7 17 3 5 
Item Date          
55º C, DM, % 5-Oct-00 47.21 56.67 69.23 72.20 45.95 62.45 70.58
  2-Nov-00 53.68 48.51 48.82 54.70 45.44 51.21 59.57
  22-Nov-00 60.15 40.45 28.41 37.21 44.94 39.97 48.56
   
OM, % 5-Oct-00 92.87 92.98 88.02 91.10 90.85 92.93 92.08
  2-Nov-00 92.99 93.02 92.54 90.39 90.73 93.03 91.59
  22-Nov-00 93.90 93.83 91.18 92.64 91.81 91.90 93.54
   
NDF, % 5-Oct-00 62.58 59.79 55.96 60.18 56.88 58.06 60.15
  2-Nov-00 67.33 61.19 62.48 56.12 56.72 62.27 63.40
  22-Nov-00 62.00 49.71 48.20 49.23 49.23 50.82 60.94
   
ADF, % 5-Oct-00 28.23 26.73 33.49 29.69 27.22 26.51 29.15
  2-Nov-00 31.58 29.33 33.81 26.88 26.26 30.10 32.39
  22-Nov-00 28.24 21.93 19.94 21.42 22.18 23.63 30.27
   
CP, % 5-Oct-00 17.03 18.32 18.14 16.93 19.20 20.05 17.70
  2-Nov-00 12.45 15.06 17.85 16.96 18.40 16.49 15.36
  22-Nov-00 12.48 16.80 11.31 19.38 16.03 16.84 16.96
   
kg/ha 5-Oct-00 1837 1764 590 1140 2081 1521 2302
  2-Nov-00 688 400 142 255 804 390 464
  22-Nov-00 161 67 97 77 97 77 73
** Annual forage paddock grazed due to unavailability of cool season paddock 
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Table B-2. Experiment 1: Year 2 Fall 2001 forage quality and quantity (DM basis). 
  Trt CSP+A CSP+SH 
  Rep 1 2 3 1 2 3 4 
Paddock # 1 2 18 7 17 3 5 
Item Date          
55º C DM, % 11-Oct-01 28.32 25.81 25.67 24.83 25.53 24.34 25.81
  8-Nov-01 52.78 42.71 43.32 41.67 43.48 42.76 49.17
  6-Dec-01 44.36 35.97 48.70 50.26 45.75 46.98 54.60
   
OM, % 11-Oct-01 93.96 93.49 92.21 93.12 92.43 93.50 92.81
  8-Nov-01 93.88 93.39 92.99 93.49 93.08 93.17 93.76
  6-Dec-01 94.61 93.36 92.81 92.51 92.30 93.63 92.96
   
NDF, % 11-Oct-01 68.64 66.62 62.40 63.06 64.19 64.31 64.89
  8-Nov-01 67.18 60.29 62.23 57.67 60.42 59.86 61.92
  6-Dec-01 73.22 63.40 67.66 65.78 67.52 61.11 67.63
   
ADF, % 11-Oct-01 34.79 33.01 32.76 31.45 33.02 32.33 33.38
  8-Nov-01 34.00 31.09 32.58 29.15 30.75 30.04 32.05
  6-Dec-01 39.19 33.57 36.44 35.41 35.64 30.82 36.30
   
CP, % 11-Oct-01 12.48 15.12 14.51 16.32 14.03 17.35 14.11
  8-Nov-01 10.93 13.17 11.12 12.89 12.39 14.40 12.49
  6-Dec-01 10.23 13.72 10.54 12.41 12.92 15.08 12.96
   
kg/ha 11-Oct-01 3083 1816 2624 2441 3088 2564 2593
  8-Nov-01 2450 1502 3212 2233 3330 2116 1615




Table B-3. Experiment 1: Year 1 Winter 2000-2001 forage quality and quantity (DM basis). 
  Trt CSP+A CSP+SH 
  Rep 1 2 3 1 2 3 4 
Paddock # 15 14 13 8 10 16 23 
Item Date               
55º C DM, % 22-Nov-00 29.61 39.77 42.50 46.66 54.02 46.51 47.72
  1-Dec-00 30.26 27.09 29.78 37.92 36.21 36.79 41.54
  3-Jan-01 * * * * * * *
  6-Feb-01 * * * * * * *
  28-Feb-01 * * * * * * *
  30-Mar-01 * * * * * * *
   
OM, % 22-Nov-00 91.40 92.19 92.83 93.58 93.62 93.59 93.65
  1-Dec-00 91.78 92.01 88.96 93.78 93.60 93.26 93.61
  3-Jan-01 * * * * * * *
  6-Feb-01 * * * * * * *
  28-Feb-01 * * * * * * *
  30-Mar-01 * * * * * * *
   
NDF, % 22-Nov-00 37.36 37.08 37.01 47.79 45.01 46.65 55.90
  1-Dec-00 39.63 36.26 40.98 49.82 48.26 48.99 51.94
  3-Jan-01 * * * * * * *
  6-Feb-01 * * * * * * *
  28-Feb-01 * * * * * * *
  30-Mar-01 * * * * * * *
   
ADF, % 22-Nov-00 14.13 14.51 14.34 20.38 19.61 19.38 26.23
  1-Dec-00 16.86 15.54 17.88 23.38 22.26 22.61 24.33
  3-Jan-01 * * * * * * *
  6-Feb-01 * * * * * * *
  28-Feb-01 * * * * * * *
  30-Mar-01 * * * * * * *
   
CP, % 22-Nov-00 25.74 23.61 24.48 18.08 16.55 18.42 16.75
  1-Dec-00 20.41 20.67 20.05 17.00 16.67 18.40 17.95
  3-Jan-01 * * * * * * *
  6-Feb-01 * * * * * * *
  28-Feb-01 * * * * * * *
  30-Mar-01 * * * * * * *
   
kg/ha 22-Nov-00 728.06 519.80 440.46 920.95 740.00 1162.36 865.06
  1-Dec-00 276.16 189.44 107.70 637.75 850.34 1004.94 843.13
  3-Jan-01 * * * * * * *
  6-Feb-01 * * * * * * *
  28-Feb-01 * * * * * * *
  30-Mar-01 * * * * * * *
* Supplemental hay feeding in paddocks compensated for low forage quantity 
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Table B-4. Experiment 1: Year 2 Winter 2001-2002 forage quality and quantity (DM basis). 
  Trt CSP+A CSP+SH 
  Rep 1 2 3 1 2 3 4 
Paddock # 15 14 13 8 10 16 23 
Item Date          
55º C DM, % 6-Dec-01 72.35 57.38 41.52 51.33 47.69 35.25 35.78
  3-Jan-02 * * * 70.75 62.97 55.72 62.97
  31-Jan-02 * * * * 56.05 56.18 62.91
  28-Feb-02 * * * * * * *
  28-Mar-02 * * * 48.51 46.12 35.06 42.18
   
OM, % 6-Dec-01 94.49 92.31 92.14 94.17 93.83 92.39 93.35
  3-Jan-02 * * * 94.52 94.01 92.79 93.46
  31-Jan-02 * * * * 92.98 90.53 80.36
  28-Feb-02 * * * * * * *
  28-Mar-02 * * * 89.93 90.59 89.91 83.37
   
NDF, % 6-Dec-01 74.19 61.62 57.29 66.81 68.46 59.30 64.28
  3-Jan-02 * * * 65.03 62.68 55.97 60.29
  31-Jan-02 * * * * 70.26 68.32 68.26
  28-Feb-02 * * * * * * *
  28-Mar-02 * * * 69.72 67.06 66.95 66.87
   
ADF, % 6-Dec-01 44.61 41.86 35.99 34.13 41.57 29.77 35.43
  3-Jan-02 * * * 35.77 33.05 27.93 31.77
  31-Jan-02 * * * * 37.25 35.18 37.99
  28-Feb-02 * * * * * * *
  28-Mar-02 * * * 36.01 35.43 33.21 38.04
   
CP, % 6-Dec-01 7.58 9.12 11.37 9.77 11.05 11.96 14.29
  3-Jan-02 * * * 10.11 8.78 10.69 11.01
  31-Jan-02 * * * * 9.90 14.98 11.73
  28-Feb-02 * * * * * * *
  28-Mar-02 * * * 14.37 12.69 14.55 13.83
   
kg/ha 6-Dec-01 516 253 337 2871 2195 221 2144
  3-Jan-02 * * * 1801 1329 878 1960
  31-Jan-02 * * * * 1029 559 1256
  28-Feb-02 * * * * * * *
  28-Mar-02 * * * 545 740 346 121
* Supplemental hay feeding in paddocks compensated for low forage quantity 
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Table B-5. Experiment 1: Year 1 Spring 2001 forage quality and quantity (DM basis). 
  Trt CSP+A CSP+SH 
  Rep 1 2 3 3 1 2 3 4 
Paddock # 16 2 11** 18** 7 17 3 5 
Item Date           
55º C DM, % 30-Mar-01 60.80 61.41 63.28 31.56 57.34 54.86 50.03 59.93
  26-Apr-01 29.91 34.57 33.49 ----- 31.11 23.48 33.61 30.48
  23-May-01 25.88 35.13 ----- 29.33 30.32 30.23 36.01 32.78
  18-Jun-01 38.74 35.74 ----- 36.92 37.93 25.83 38.64 32.48
  17-Jul-01 39.03 43.80 ----- 53.29 43.75 38.52 47.64 39.59
  7-Aug-01 31.92 24.67 ----- 29.44 21.04 29.00 31.37 24.06
    
OM, % 30-Mar-01 91.59 92.25 92.40 91.77 92.50 91.67 92.10 92.54
  26-Apr-01 91.88 92.73 91.16 ----- 93.70 91.38 93.48 92.97
  23-May-01 91.97 92.19 ----- 92.76 91.81 92.87 91.86 92.40
  18-Jun-01 92.38 89.58 ----- 91.05 93.45 90.98 92.67 91.37
  17-Jul-01 92.05 91.11 ----- 91.06 92.34 91.52 91.97 91.40
  7-Aug-01 92.24 92.32 ----- 91.95 91.83 91.19 92.17 91.10
    
NDF, % 30-Mar-01 56.34 47.76 61.52 58.01 52.96 54.68 50.91 47.85
  26-Apr-01 57.16 56.69 58.12 ----- 56.16 61.17 59.64 58.06
  23-May-01 65.09 63.42 ----- 65.74 64.93 68.23 65.54 63.21
  18-Jun-01 68.35 66.67 ----- 67.76 65.80 67.09 67.19 66.63
  17-Jul-01 65.69 66.93 ----- 70.29 66.85 64.50 67.73 64.74
  7-Aug-01 66.01 67.33 ----- 71.44 64.93 66.92 66.20 65.93
    
ADF, % 30-Mar-01 25.69 21.34 28.91 27.63 22.36 24.09 22.74 20.71
  26-Apr-01 29.01 26.40 28.38 ----- 26.64 30.16 28.98 28.23
  23-May-01 34.81 32.38 ----- 37.88 33.92 38.42 35.12 32.27
  18-Jun-01 38.30 32.43 ----- 41.12 35.47 38.47 34.47 33.50
  17-Jul-01 35.01 35.38 ----- 41.30 35.78 35.84 36.82 33.48
  7-Aug-01 34.58 31.79 ----- 40.50 34.49 35.76 34.10 33.51
    
CP, % 30-Mar-01 17.83 21.60 16.59 15.73 23.54 23.11 23.16 22.89
  26-Apr-01 16.18 15.56 16.63 ----- 16.85 17.34 14.89 15.07
  23-May-01 14.93 11.29 ----- 9.23 14.62 10.45 10.98 13.38
  18-Jun-01 9.51 14.15 ----- 9.52 12.61 10.56 12.68 16.13
  17-Jul-01 12.15 11.28 ----- 9.64 11.85 13.00 11.00 14.49
  7-Aug-01 14.70 15.04 ----- 13.00 17.75 14.09 15.90 16.80
    
kg/ha 30-Mar-01 574 490 542 1134 289 950 729 341
  26-Apr-01 1943 546 273 ----- 875 2167 1823 936
  23-May-01 1514 693 ----- 2671 873 2965 2335 816
  18-Jun-01 1316 175 ----- 2683 1484 2323 1971 1075
  17-Jul-01 2048 748 ----- 1324 1946 2498 2127 1295
  7-Aug-01 2632 516 ----- 1869 1530 2046 1851 1957
** Paddock 11 was grazed 3/30/01 - 4/30/01, paddock 18 was grazed 5/1/01 - 8/7/01 
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Table B-6. Experiment 1: Year 2 Spring 2002 forage quality and quantity (DM basis). 
  Trt CSP+A CSP+SH 
  Rep 1 2 3 1 2 3 4 
Paddock # 1 2 18 7 17 3 5 
Item Date         
55º C DM, % 28-Mar-02 36.58 30.06 43.98 42.97 23.80 35.68 29.81
  25-Apr-02 32.42 27.76 27.64 26.62 23.48 31.61 28.67
  23-May-02 35.84 56.65 28.70 29.32 24.92 34.67 35.45
  20-Jun-02 41.72 37.64 38.69 42.64 38.47 43.87 40.26
  22-Jul-02 48.98 52.64 62.98 58.92 47.99 48.04 43.61
   
OM, % 28-Mar-02 93.19 91.61 91.35 91.84 91.33 92.79 91.22
  25-Apr-02 92.31 91.12 91.20 92.40 91.03 92.45 92.56
  23-May-02 91.51 91.97 91.89 92.74 91.49 92.49 92.96
  20-Jun-02 92.40 91.09 91.29 92.16 91.99 92.54 92.82
  22-Jul-02 93.25 91.26 91.89 94.51 93.28 93.19 92.87
   
NDF, % 28-Mar-02 71.49 66.56 66.53 68.43 67.16 71.31 65.49
  25-Apr-02 67.17 64.40 63.38 64.06 63.17 59.64 63.59
  23-May-02 60.74 59.32 59.80 60.95 59.35 58.82 58.90
  20-Jun-02 67.50 66.11 63.56 67.96 65.60 63.15 67.45
  22-Jul-02 72.00 68.67 66.91 70.62 67.65 68.73 65.98
   
ADF, % 28-Mar-02 35.44 30.11 32.45 32.75 30.76 34.35 29.67
  25-Apr-02 34.25 31.36 30.16 30.10 30.13 28.57 30.71
  23-May-02 30.18 30.86 33.22 33.33 31.48 30.29 31.40
  20-Jun-02 34.44 35.07 33.90 37.56 35.29 32.48 35.85
  22-Jul-02 37.94 37.38 37.59 39.79 36.93 37.26 34.95
   
CP, % 28-Mar-02 17.73 21.02 18.88 17.94 22.99 17.35 21.64
  25-Apr-02 16.87 16.05 16.69 18.28 19.71 18.24 18.07
  23-May-02 13.88 13.06 14.59 14.16 15.66 13.22 12.91
  20-Jun-02 10.71 11.35 13.72 11.16 12.02 11.65 10.72
  22-Jul-02 11.22 11.29 13.25 11.86 12.31 12.36 14.57
   
kg/ha 28-Mar-02 1322 507 1357 1452 717 1357 1124
  25-Apr-02 944 486 974 1440 1312 1184 1125
  23-May-02 1666 1507 2277 3084 3348 2128 1556
  20-Jun-02 1530 1124 1508 2213 2754 1486 2120






EXPERIMENT 1: FORAGE BOTANICAL COMPOSITION 
 
 
Table C-1. Forage composition of MTES pastures October 5, 2000. 
 % of Live Forage Material (DM basis) 
  Trt CSP+A  CSP+SH 
   Rep 1 2 3  1 2 3 4 
 Paddock # 1 2 12**  7 17 3 5 
Type Forage                
Cool annuals 0.00 0.00 36.32  0.00 0.00 0.00 0.00
Cool tall fescue 24.93 41.24 0.00  29.12 35.93 22.80 28.78
Cool KY bluegrass 1.95 5.69 0.00  5.53 19.56 30.24 9.47
Cool orchardgrass 3.23 13.07 0.00  4.09 1.17 10.26 10.60
Warm bermudagrass 18.54 23.16 0.00  0.00 0.00 0.00 0.00
Warm carpetgrass 4.86 5.62 0.00  34.20 8.63 4.54 18.52
Warm crabgrass 0.00 0.00 0.00  0.00 3.74 0.00 5.78
Warm Dallis grass 36.99 10.14 6.97  10.39 8.68 21.93 2.57
Warm foxtail 5.16 0.47 0.00  1.31 1.13 1.65 14.50
Warm goosegrass 0.00 0.00 0.00  6.09 0.00 1.46 0.00
Warm Johnson grass 0.00 0.00 0.00  3.44 0.00 5.03 0.00






Other Weeds 1.43 0.62 56.71  0.30 21.16 0.56 8.97
   SUM 100.00 100.00 100.00  100.00 100.00 100.00 100.00
 % cool of live 30.11 60.00 36.32  38.74 56.66 63.30 48.85
 % warm of live 68.46 39.38 6.97  60.96 22.18 36.14 42.18
 Live Total, % 89.56 86.89 45.98  74.89 81.59 85.03 74.16
 Dead  Total, % 10.44 13.11 54.02  25.11 18.41 14.97 25.84
  TOTAL% 100.00 100.00 100.00  100.00 100.00 100.00 100.00





Table C-2. Forage composition of MTES pastures November 21, 2000. 
 % of Live Forage Material (DM basis) 
   Trt CSP+A  CSP+SH 
   Rep 1 2 3  1 2 3 4 
 Paddock # 15 14 13  8 10 16 23 
Type Forage                
Cool annuals 73.25 58.16 48.33  0.00 0.00 0.00 0.00
Cool tall fescue 14.83 20.63 42.90  48.17 45.89 60.50 14.78
Cool KY bluegrass 0.00 0.00 0.00  0.01 23.38 38.17 12.21
Cool orchardgrass 1.37 5.58 2.52  51.82 25.31 0.95 69.82






Other Weeds 10.54 15.63 6.25  0.00 5.41 0.38 0.00
   SUM 100.00 100.00 100.00  100.00 100.00 100.00 100.00
 % cool of live 89.46 84.37 93.75  100.00 94.59 99.62 96.81
 % warm of live 0.00 0.00 0.00  0.00 0.00 0.00 3.19
 Live Total, % 97.57 94.92 92.98  84.18 88.41 90.02 62.32
 Dead  Total, % 2.43 5.08 7.02  15.83 11.59 9.98 37.68
  TOTAL% 100.00 100.00 100.00  100.00 100.00 100.00 100.00
 
 
Table C-3. Forage composition of MTES pastures March 31, 2001. 
 % of Live Forage Material DM (basis) 
   Trt CSP+A  CSP+SH 
   Rep 1 2 3 3  1 2 3 4 
  Paddock # 16 2 11** 18**  7 17 3 5 
Type Forage                  
Cool tall fescue 46.42 41.56 16.48 48.74  32.34 16.48 39.00 20.66
Cool KY bluegrass 49.62 45.69 57.45 32.22  62.97 57.45 52.38 58.20
Cool orchardgrass 3.96 9.39 22.12 13.10  4.69 22.12 8.20 13.59





Other Weeds 0.00 1.73 3.96 5.93  0.00 3.96 0.41 5.34
   SUM 100.00 100.00 100.00 100.00  100.00 100.00 100.00 100.00
 % cool of live 100.00 96.65 96.04 94.07  100.00 96.04 99.59 92.45
 % warm of live 0.00 1.62 0.00 0.00  0.00 0.00 0.00 2.20
 Live Total, % 72.72 88.70 61.60 99.48  88.82 61.60 87.50 90.62
 Dead  Total, % 27.28 11.30 38.40 0.52  11.18 38.40 12.50 9.38
  TOTAL% 100.00 100.00 100.00 100.00  100.00 100.00 100.00 100.00
 ** Paddock 11 was grazed 3/30/01 - 4/30/01, paddock 18 was grazed 5/1/01 - 8/7/01 
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APPENDIX D. 
EXPERIMENT 1: DIET QUALITY ESTIMATIONS FROM MASTICATED 
FORAGE RUMEN SAMPLES 
Table D-1. Experiment 1: Year 1 Winter 12/1/00 diet quality estimations (DM basis). 
TRT CSP+A CSP+SH 
 REP 1 2 3 1 2 3 4 
Paddock # 15 14 13 8 10 16 23 
Nutrient               
OM, % 89.66 86.69 83.64 89.92 90.03 92.36 90.33
NDF, % 48.21 38.70 44.52 57.93 46.89 61.15 53.95
ADF, % 21.27 18.04 22.79 28.60 24.23 30.31 30.08
CP, % 25.52 23.90 22.96 21.90 19.11 21.32 19.72
        
        
        
        
        
Table D-2. Experiment 1: Year 1 Spring 3/29/01 diet quality estimations (DM basis). 
TRT CSP+A CSP+SH 
 REP 1 2 3 1 2 3 4 
Paddock # 16 2 11 7 17 3 5 
Nutrient               
OM, % 86.97 87.53 85.64 87.98 79.84 86.83 87.70
NDF, % 45.29 40.50 51.20 46.94 48.15 42.87 42.01
ADF, % 22.81 20.44 27.70 24.25 26.37 22.43 22.74




Table D-3. Experiment 1: Year 2 Fall 10/13/01 diet quality estimations (DM basis). 
TRT CSP+A CSP+SH 
 REP 1 2 3 1 2 3 4 
Paddock # 1 2 18 7 17 3 5 
Nutrient               
OM, % 89.56 91.08 88.06 88.73 85.83 90.55 87.62
NDF, % 62.10 56.82 47.74 60.43 51.40 56.96 51.69
ADF, % 32.70 30.76 28.12 32.29 30.51 29.48 31.03
CP, % 15.84 15.79 17.63 17.64 15.47 17.19 16.85
        
        
        
        
        
        
Table D-4. Experiment 1: Year 2 Winter 12/15/01 diet quality estimations (DM 
basis). 
TRT CSP+A CSP+SH 
 REP 1 2 3 1 2 3 4 
Paddock # 15 14 13 8 10 16 23 
Nutrient               
OM, % ** ** ** 90.16 87.93 87.73 87.14
NDF, % ** ** ** 54.03 54.72 54.10 52.80
ADF, % ** ** ** 30.08 30.34 28.50 29.43
CP, % ** ** ** 12.77 13.22 13.52 18.72
** Paddocks were not sampled due to hay supplementation 




Table D-5. Experiment 1: Year 2 Spring 4/26/02 diet quality estimations (DM basis).
TRT CSP+A CSP+SH 
 REP 1 2 3 1 2 3 4 
Paddock # 1 2 18 7 17 3 5 
Nutrient               
OM, % 89.70 87.56 86.77 87.78 85.05 86.16 87.64
NDF, % 54.37 52.51 53.33 61.28 46.32 53.52 47.68
ADF, % 28.98 27.69 27.25 32.66 26.11 28.78 26.85
CP, % 19.40 19.14 20.29 15.98 21.98 18.80 20.79
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APPENDIX E. 
EXPERIMENT 1: QUALITY GRADE SCALE 
 
Table E-1. Quality grade scale*. 
PRIME + 24 
PRIME 0 23 
PRIME - 22 
CHOICE + 21 
CHOICE 0 20 
CHOICE - 19 
SELECT + 18 
SELECT 0 17 
SELECT - 16 
STANDARD + 15 
STANDARD 0 14 
STANDARD - 13 
COMM + 12 
COMM 0 11 
COMM - 10 
UTILITY + 9 
UTILITY 0 8 
UTILITY - 7 
CUTTER + 6 
CUTTER 0 5 
CUTTER - 4 
CANNER + 3 
CANNER 0 2 
CANNER - 1 
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